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• Boring/Sample S-3: Depth of 6 feet - washed stone/gravel/CA6 mix detected to a depth of 
5 feet; black clay/cinder/slag mix with red brick was detected from the remaining 5 to 6 
feet. There were no detectable PID readings. 

• Boring/Sample S-4: Depth of 4 feet - washed stone/gravel/CA6 mix detected to a depth of 
3.25 feet; black clay/cinder/slag mix with red brick was detected from the remaining 3.25 
to 4 feet. There were no detectable PID readings. 

• Boring/Sample S-5A: Depth of 5 feet - washed stone/gravel/CA6 mix detected to a depth 
of 3 feet; black clay/cinder/slag mix with red brick was detected from the remaining 3 to 5 
feet. There were no detectable PIO readings. 

• Boring/Sample S-6: Depth of 5 feet - washed stone/gravel/CA6 mix detected to a depth of 
4.5 feet; black clay/cinder/slag mix with red brick was detected from the remaining 4.5 to 5 
feet. There were no detectable PIO readings. 

• Boring/Sample S-7: Depth of 5 feet-washed stone/gravel/CA6 mix detected to a depth of 
3.8 feet; black clay/cinder/slag mix with red brick was detected from 3.8 to 4.8 feet; red 
brick was detected the remaining 4.8 to 5 feet. There were no detectable PIO readings. 

• Boring/Sample S-8: Depth of 5 feet - washed stone/gravel/CA6 mix detected to a depth of 
4.2 feet; black clay/cinder/slag mix with red brick was detected from 4.2 to 4.9 feet; red 
brick fill was detected the remaining 4.9 to 5 feet. There were no detectable PIO readings. 

All borings were advanced through the recently placed clean fill into the underlying fill and soils. 
As indicated above, concentrations of the target parameter Styrene were not detected using the 
PID as a screening tool. However, samples were collected at depth to confirm the field readings. 
No groundwater was encountered during the investigation; therefore, groundwater samples could 
not be obtained for analysis. 

Laboratory analyses of the collected samples were non-detect or less than the most stringent 
remediation objectives listed in 35 Illinois Administrative Code, Part 7 42, Tiered Approach to 
Corrective Action Objectives (TACO) regulation. The sample results are compared to TACO 
objectives in the attached tables. 

In summary, the field investigation and laboratory results indicate the remediation actions taken at 
the plant for the April 25, 2014 Styrene release were successful and no further remediation 
activities are necessary. 

If additional information is needed, please do not hesitate to contact me at (217) 787-2334. 

KWL:sjb 

Attachment-Figure and Tables 
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Table 1
Report Qualifiers and Acronyms for Analytical Tables
Flint Hills Resources
Peru, LaSalle County, Illinois

Report Qualifiers and Acronyms:
mg/kg = Milligrams per kilogram

ft = Feet
ND = Not Detected at or above the laboratory reporting limit.

1a = Tier 1 Soil Remediation Objectives for Residential Properties; Ingestion (TACO Appendix B, Table A). 

1b = Tier 1 Soil Remediation Objectives for Residential Properties; Inhalation  (TACO Appendix B, Table A).

2a = Tier 1 Soil Remediation Objectives for  Industrial/Commercial Properties; Ingestion for Industrial/Commercial Exposure Route  (TACO Appendix B, Table B). 

2b = Tier 1 Soil Remediation Objectives for  Industrial/Commercial Properties; Inhalation for Industrial/Commercial Exposure Route  (TACO Appendix B, Table B). 

3a = Tier 1 Soil Remediation Objectives for Industrial/Commercial Properties; Ingestion for Construction Worker Exposure Route (TACO Appendix B, Table B).  

3b = Tier 1 Soil Remediation Objectives for Industrial/Commercial Properties; Inhalation for Construction Worker Exposure Route (TACO Appendix B, Table B). 

4 = Tier 1 concentration for the Soil Component of the Groundwater Ingestion Exposure Route, Class I  (TACO Appendix B,  Tables A and B). 

Andrews Engineering, Inc.
6/6/2014 J:\2014\2014‐122 (Flint Hills Peru Plant)\MON\Data Tables\FH ‐ Peru Data Tables (06‐05‐14)
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Table 2
Soil Analytical Results
Flint Hills Resources
Peru, LaSalle County, Illinois

Sample ID
Sample Depth (ft)

Sample Date

PID

Matrix

(mg/kg)

Styrene 0.0081 ND ND ND 16,000 1,500 410,000 1,500 41,000 430 4

Sample ID
Sample Depth (ft)

Sample Date

PID

Matrix

(mg/kg)

Styrene ND ND ND 0.69 16,000 1,500 410,000 1,500 41,000 430 4

Solid Solid Solid Solid

S-1 S-2A S-3 S-4

S-5A

Solid Solid Solid Solid

0 0

S-7 S-8

3.8-4.8 4.2-4.9

0 0

6/2/2014 6/2/2014 6/2/2014 6/2/2014

3.5-4 4.5-5.8 5-6 3.25-4

3-4 4.3-5

0 0 0 0

S-6

5/30/2014 6/2/2014 5/30/2014 5/30/2014
1a Residential

Ingestion

4 Class I Soil 
Component

of the 
Groundwater

Ingestion 
Exposure

Route

1a Residential
Ingestion

1b Residential
Inhalation

2a Industrial/
Commercial

Ingestion

2b Industrial/
Commercial
Inhalation

3a Construction
Worker

Ingestion

3b Construction
Worker

Inhalation

4 Class I Soil 
Component

of the 
Groundwater

Ingestion 
Exposure

Route

3b Construction
Worker

Inhalation

3a Construction
Worker

Ingestion

2b Industrial/
Commercial
Inhalation

2a Industrial/
Commercial

Ingestion

1b Residential
Inhalation

Andrews Engineering, Inc.
6/6/2014

1 of 1
J:\2014\2014‐122 (Flint Hills Peru Plant)\MON\Data Tables\FH ‐ Peru Data Tables (06‐05‐14)
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HUNTSMAN 
Enriching lives through innovation 

May 7, 2015 

Brian Marcinkus 
Flint Hills Resources, LP 
501 Brunner Street 
Peru, Illinois 61345 

RE: NO FURTHER REMEDIATION LETTER FROM ILLINOIS EPA 

Dear Brian, 

As you will recall, I telephoned you on April 7, 2015, to inform you and Flint Hills Resources LP 
(FHR) that the Illinois EPA (IEPA) had determined that Huntsman's investigation and analysis of 
the limited subsurface styrene impacts, located in beneath FHR's aboveground storage tanks, 
warranted a "No Further Remediation" (NFR) letter. 

This matter was originally disclosed to FHR as issue number 4.17.d.011 of Schedule 4.17 
("Onsite Releases of Hazardous Materials") of the "Amended and Restated Asset Purchase 
Agreement" between Huntsman and FHR, dated June 22, 2007. Additionally, responsibility to 
remedy this matter was assigned to Huntsman in Paragraph 3(a) of the Huntsman/FHR "Peru 
Ground Lease," dated August 1, 2007. 

Huntsman is hereby notifying FHR that the IEPA, based on data submitted by Huntsman, has 
issued the above-referenced NFR letter dated April 23, 2015. A copy of the NFR letter is 
attached for your records. The key aspects of the NFR letter are described in the "Institutional 
Controls" section of "Preventive, Engineering, and Institutional Controls" (excerpted below): 

• Any existing buildings or any future buildings constructed on the site must contain a full 
concrete slab-on-grade floor or full concrete basement floor and walls with no sumps. 

• No person shall construct, install, maintain, or operate a well at the Remediation Site. 
All water supplies and water services for the Remediation Site must be obtained from a 
public water supply system. The provisions of this institutional control shall be 
applicable to all water usage (e.g., domestic, industrial/commercial uses and outdoor 
watering). 

Please note that the "Remediation Site" area referred to in the NFR letter is limited to the 
approximately 1.7-acre "Styrene Tank Farm" at the Peru Facility. We are providing a copy of 
this NFR letter and its control provisions as a formal reminder of Provision 6(f) of the Peru 
Ground Lease, which states that "FHR shall not disturb Peru Environmental Contamination in a 
manner that could reasonably be expected to accelerate or change the nature of Huntsman 
Remediation activities." 

8600 Gosling Road, The Woodlands, Texas 77381 
Tel.: 1-281-719-7400 Fax.: 1-281-719-7500 www.huntsman.com 
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Pursuant to IEPA regulations, Huntsman is in the process of recording this letter, including all 
attachments, as a single instrument with the Office ofthe Recorder of LaSalle County. 

Please be advised that monitoring wells MW-4, MW-5, MW-6, and MW-7, all installed outside 
the Styrene Tank Farm's secondary containment by ARCADIS on November 4-5, 2007, will be 
plugged and abandoned pursuant to IEPA requirements. Representatives from ARCADIS will 
contact you in the near future to effect this regulatory obligation. Monitoring wells MW-1, 
MW-2, and MW-3, installed by August Mack and located within the secondary containment 
boundaries, have already been abandoned. 

Please feel free to contact me at 281-719-3010 if you have any questions or concerns. 
Additionally, please circulate this information within FHR as you feel it warrants. 

~/:J4fa 
Lon Tullos 
Manager - EHS Financial and Legacy Matters 

Enclosure 

cc: Dave Nutt (Huntsman) 
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ILLINOIS ENVIRONMENTAL PROTECTION AGENCY 

1021 NORTH GRAND AVENUE EAsT, P.O. Box 19276, SPRINGFIELD, ILUNOIS 62794-9276 • (217) 782-2829 

BRUCE RAUNER, GOVERNOR LISA BONNETT, DIRECTOR 

(217) 524-3300 

April 23, 2015 

Lon Tullos 
Huntsman International LLC 
8600 Gosling Road 
The Woodlands, Texas 77381 

Re: 0990850005 / LaSalle County 
Peru I Flint Hills 
Site Remediation/Technical Reports 
No Further Remediation Letter 

Dear Mr. Tullos: 

CERTIFIED MAlL 

7012 0470 0001 2968 1691 

The Remedial Action Completion Report (received March 2, 2015 / Log No. 15-58664), as 
prepared by AR CAD IS U.S., Inc. for the above referenced Remediation Site, has been reviewed 
and approved by the Illinois Enviromnental Protection Agency ("Illinois EPA"). The 
remediation objectives approved for the site in accordance with 35 Illinois Administrative Code 
Part 742, including the indoor inhalation pathway, are above the existing concentrations of 
regulated substances and the above report shall serve as the approved Remedial Action 
Completion Report. 

The Remediation Site, consisting of 1. 7 acres, is located at 501 Brunner Street, Peru, Illinois. 
Pursuant to Section 58.10 of the Illinois Enviromnental Protection Act ("Act") (415 ILCS 5/1 et 
seq.), your request for a no further remediation detennination is granted under the conditions and 
tenns specified in this letter. The Remediation Applicant, as identified on the Illinois EPA's Site 
Remediation Program DRM-1 Form (July 3, 2008/ Log No. 08/38212), is Huntsman 
International LLC. 

This focused No Further Remediation Letter ("Letter") signifies a release from further 
responsibilities under the Act for the performance of the approved remedial action. This Letter 
shall be considered prirna facie evidence that the Remediation Site described in the attached 
Illinois EPA Site Remediation Program Enviromnental Notice and shown in the attached Site 
Base Map does not constitute a threat to human health and the enviromuent for the specified 
recognized enviromuental conditions so long as the Site is utilized in accordance with the tenns 
of this Letter. 

4302 N. Main SI., Rockford, IL 61103 {815)987-7760 
595 S, Stale, Elgln, IL 60123 {847)608-3131 
2125 S. First St., Champaign, IL 61820 (217)278-5800 
2009 Mall SI., Collinsville, IL 62234 (618)346-5120 

9511 Harrison St., Des Plaines, IL 60016 {847)294-4000 
5407 N. University St., Arbor 113, Peoria, IL 61614 (309)693-5462 
2309 W. Main St., Suite 116, Marion, ll 62959 (618)993-7200 
100 W. Rondo!ph, Suite 10-300, Chicago, JL 60601 (312)814-6026 

PLEASE PRINT ON RECYClED PA.PER 
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Conditions and Terms of Approval 

Level of Remediation and Land Use Limitations 

1) The recognized environmental conditions characterized by the focused site investigation and 
successfully addressed, consist of the contaminants of concern identified in the attached 
Table A. 

2) The Remediation Site is restricted to industrial/commercial land use. 

3) The land use specified in this Letter may be revised if: 

a) Further investigation or remedial action has been conducted that documents the 
attainment of objectives appropriate for the new land use; and 

b) A new Letter is obtained and recorded in accordance with Title XVII of the Act and 
regulations adopted thereunder. 

Preventive, Engineering, and Institutional Controls 

The implementation and maintenance of the following controls are required as part of the 
approval of the remediation objectives for this Remediation Site. 

Institutional Controls: 

4) Any existing buildings or any future buildings constructed on the site must contain a full 
concrete slab-on-grade floor or full concrete basement floor and walls with no sumps. 

5) No person shall construct, install, maintain, or operate a well at the Remediation Site. All 
water supplies and water services for the Remediation Site must be obtained from a public 
water supply system. The provisions of this institutional control shall be applicable to all 
water usage ( e.g., domestic, industrial/commercial uses and outdoor watering). 

Other Terms 

6) Where the Remediation Applicant is not the sole owner of the Remediation Site, the 
Remediation Applicant shall complete the attached Property Owner Certification of the No 
Further Remediation Letter under the Site Remediation Program Fann. This certification, 
by original signature of each property owner, or the authorized agent of the owner(s), of the 
Remediation Site or any portion thereof who is not a Remediation Applicant shall be 
recorded along with this Letter. 

7) Further information regarding this Remediation Site can be obtaioed through a written 
request under the Freedom ofinformation Act (5 ILCS 140) to: 
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Illinois Enviromnental Protection Agency 
Attn: Freedom ofinformation Act Officer 
Division of Records Management #16 
1021 North Grand A venue East 
Post Office Box 19276 
Springfield, IL 62794-9276 

8) Pursuant to Section 58.10(:f) of the Act ( 415 ILCS 5/58.I0(f)), should the Illinois EPA seek 
to void this Letter, the Illinois EPA shall provide notice to the current title holder and to the 
Remediation Applicant at the last known address. The notice shall specify the cause for the 
voidance, explain the provisions for appeal, and describe the facts in support of this cause. 
Specific acts or omissions that may result in the voidance of the Letter under Sections 
58.I0(e)(l)-(7) of the Act (415 ILCS 5/58.I0(e)(l)-(7)) include, but shall not be limited to: 

a) Any violation of institutional controls or the designated land use restrictions; 

b) The failure to operate and maintain preventive or engineering controls or to comply with 
any applicable groundwater monitoring plan; 

c) The disturbance or removal of contamination that has been left in-place in accordance 
with the Remedial Action Plan. Access to soil contamination may be allowed if, during 
and after any access, public health and the env:iromnent are protected consistent with the 
Remedial Action Plan; 

d) The failure to comply with the recording requirements for this Letter; 

e) Obtaining the Letter by fraud or misrepresentation; 

f) Subsequent discovery of contaminants, not identified as part of the investigative or 
remedial activities upon which the issuance of the Letter was based, that pose a threat to 
human health or the enviromnent; 

g) The failure to pay the No Further Remediation Assessment Fee within forty-five ( 45) 
days after receiving a request for payment from the Illinois EPA; 

h) The failure to pay in full the applicable fees under the Review and Evaluation Services 
Agreement within forty-five (45) days after receiving a request for payment from the 
Illinois EPA. 

9) Pursuant to Section 58. lO(d) of the Act, this Letter shall apply in favor of the following 
persons: 

a) Huntsman International LLC; 

b) The owner and operator of the Remediation Site; 

c) Any parent corporation or subsidiary of the owner of the Remediation Site; 
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d) Any co-owner, either by joint-tenancy, right of survivorship, or any other party sharing a 
relationship with the owner of the Remediation Site; 

e) Any holder of a beneficial interest of a land trust or inter vivas trust, whether revocable 
or irrevocable, involving the Remediation Site; 

f) Any mortgagee or trustee ofa deed of trust of the owner of the Remediation Site or any 
assignee, transferee, or any successor-in-interest thereto; 

g) Any successor-in-interest of the owner of the Remediation Site; 

h) Any transferee of the owner of the Remediation Site whether the transfer was by sale, 
bankruptcy proceeding, partition, dissolution of marr1age, settlement or adjudication of 
any civil action, charitable gift, or bequest; 

i) Any heir or devisee of the owner of the Remediation Site; 

j) Any financial institution, as that tennis defined in Section 2 of the Illinois Banking Act 
and to include the Illinois Housing Development Authority, that has acquired the 
ownership, operation, management, or control of the Remediation Site through 
foreclosure or under the tenns of a security interest held by the financial institution, under 
the terms of an extension of credit made by the financial institution, or any successor-in
interest thereto; or 

k) In the case ofa fiduciary (other than a land trustee), the estate, trust estate, or other 
interest in property held in a fiduciary capacity, and a trustee, executor, administrator, 
guardian, receiver, conservator, or other person who holds the remediated site in a 
fiduciary capacity, or a transferee of such party. 

10) This letter, including all attachments, must be recorded as a single instrument within forty
five ( 45) days ofreceipt with the Office of the Recorder of LaSalle County. For recording 
purposes, the Illinois EPA Site Remediation Program Enviromnental Notice attached to this 
Letter should be the first page of the instrument filed. This Letter shall not be effective until 
officially recorded by the Office of the Recorder of LaSalle County in accordance with 
Illinois law so that it fonns a permanent part of the chain of title for the Huntsman 
International LLC property. 

11) Within thirty (30) days of this Letter being recorded by the Office of the Recorder of LaSalle 
County, a certified copy ofthis Letter, as recorded, shall be obtained and submitted to the 
Illinois EPA to: . 

Ms. P.J. Gebhardt 
Illinois Enviromnental Protection Agency 
Bureau ofLand/RPMS #24 
1021 North Grand Avenue East 
Post Office Box 19276 
Springfield, IL 62794-9276 
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12) In accordance with Section 58.l0(g) of the Act, a No Further Remediation Assessment Fee 
based on the costs incurred for the Remediation Site by the Illinois EPA for review and 
evaluation services will be applied in addition to the fees applicable under the Review and 
Evaluation Services Agreement. Request for payment of the No Further Remediation 
Assessment Fee will be included with the billing statement. 

If you have any questions regarding the Flint Hills Resources property, you may contact the 
Illinois EPA project manager, Barbara Landers at 217-557-6939 or barb.landers@illinois.gov. 

Sincerely, 
;,----

Jo~~ 
Remedial Project Management Section 
Division of Remediation Management 
Bureau of Land 

c,.P 
Attaclunents: Illinois EPA Site Remediation Program Environmental Notice 

Site Base Map 
Table A: Regulated Substances of Concern 
Property Owner Certification of No Further Remediation Letter under the Site 

Remediation Program Fann 
Instructions for Filing the NFR Letter 

cc: Stephen Vasas 
ARCADIS U.S., Inc. 
222 South Main Street Suite 300 
Akron, Ohio 44308 

Bureau of Land File 
Ms. P.J. Gebhardt 



FHRPRU003521

PREPARED BY: 

Name: Lon Tullos 
Huntsman International LLC 

Address: 8600 Gosling Road 
The Woodlands, Texas 77381 

RETURN TO: 

Name: Lon Tullos 
Huntsman International LLC 

Address: 8600 Gosling Road 
The Woodlands, Texas 77381 

This Environmental No Further Remediation Letter must be submitted by the remediation 
applicant within 45 days of its receipt, to the Office of the Recorder of LaSalle County. 

Illinois State EPA Number: 0990850005 

Huntsman International LLC, the Remediation Applicant, whose address is 8600 Gosling Road, 
The Woodlands, Texas 77381 has performed investigative and/or remedial activities for the 
remediation site depicted on the attached Site Base Map and identified by the following: 

1. Legal description or Reference to a Plat Showing the Boundaries: 

Parcel One: 

That part of20 acre Lots 5, 6 and 7 in the Southeast Quarter of Section 16, Township 33 
North, Range 1, East of the Third Principal Meridian, in the City of Peru, LaSalle 
County, Illinois, described as follows: 

Co1mnencing at the Southeast comer of the Southeast Quarter of the aforesaid Section 
16; thence North 01 degree 21 minutes 14 seconds West along the East line of said 
Quarter Section for a distance of 1,139.74 feet to a point on Brunner Street; thence South 
81 degrees 48 minutes 34 seconds West for a distance of900.30 feet; thence North 08 
degrees 35 minutes 53 seconds West for a distance of30.00 feet to a point on the North 
right-of-way line of Brunner Street, said point being the point ofbeginning; thence South 
81 degrees 47 minutes 13 seconds West along said right-of-way line for a distance of · 
425.06 feet; thence South 82 degrees 28 minutes 36 seconds West along said right-of
way line for a distance of 811. 72 feet; thence North 07 degrees 31 minutes 45 seconds 
West for a distance of28.00 feet; thence North 75 degrees 34 minutes 15 seconds East 
for a distance of291.30 feet; thence North 82 degrees 28 minutes 15 seconds East for a 
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distance of235.55 feet; thence North 07 degrees 31 minutes 45 seconds West for a 
distance of29.08 feet to a point 15.00 feet South of the centerline of the Chicago, Rock 
Island and Pacific Railway Company's most Southerly track; thence North 77 clegrees 44 
minutes 40 seconds East for a distance of22.96 feet; thence N01th 81 degrees 07 minntes 
33 seconds East for a distance of50.02 feet; thence North 85 degrees 12 minutes 04 
seconds East for a distance of27.52 feet; thence North 87 degrees 17 minntes 14 seconds 
East for a distance of71.85 feet; thence North 88 degrees 17 minutes 32 seconds East for 
a distance of99.98 feet; thence North 89 degrees 33 minutes 08 seconds East for a 
distance of99.95 feet; thence South 89 degrees 51 minutes 22 seconds East for a distance 
of I 00.13 feet; thence South 89 degrees 21 minutes 17 seconds East for a distance of 
37.00 feet; thence South 87 degrees 27 minutes 45 seconds East for a distance of49.86 
feet; thence South 83 degrees 55 minutes 22 seconds East for a distance of 50.10 feet; 
thence South 81 degrees 54 minutes 12 seconds East for a distance of25.02 feet; thence 
South 83 degrees 25 minutes 17 seconds East for a distance of24.95 feet; thence Sonth 
87 degrees 09 minutes 59 seconds East for a distance of24.86 feet; thence North 89 
degrees 06 minutes 40 seconds East for a distance of25.10 feet; thence North 86 degrees 
44 minutes 51 seconds East for a distance of9.92 feet to the point ofbeginning, sitnated 
in the City of Peru, LaSalle County, State of Illinois. 

Parcel Two: 

That part of the Southeast Quarter of Section 16 and the North Half of Section 21, all in 
Township 33 North, Range I, East of the Third Principal Meridian, in the City of Peru, 
LaSalle County, Illinois, described as follows: C01mnencing at the Southeast comer of 
the Southeast Quarter of the aforesaid Section 16; thence West along the long established 
and accepted Section line for a distance of 1,972.81 feet to a pin in a concrete monument; 
thence North 69.93 feet to a point on the Northerly right-of-way line of the Chicago, 
Burlington and Quincy Railroad, said point being the point of beginning; thence Westerly 
along the Northerly line of said Railroad right-of-way for a distance of 441.04 feet; 
thence South 00 degrees 37 minutes 00 seconds East for a distance of 142.56 feet; thence 
North 79 degrees 48 minutes 00 seconds West for a distance of 40. 72 feet; thence South 
00 degrees 37 minutes 00 seconds East for a distance of 519.00 feet more or less to the 
center thread of the Illinois River; thence Northwesterly along said center thread for a 
distance of330.00 feet more or less; thence North 00 degrees 37 minutes 00 seconds 
West for a distance of335.00 feet, more or less, to a point on the North bank of the 
Illinois River, said point also being on the North line of the Northwest Quarter of the 
aforesaid Section 21; thence North 88 degrees 28 minutes 52 seconds East along said 
North line for a distance of78.65 feet more or less to the Northeast comer of the 
Northwest Quarter of said Section 21; thence North 01 degree 24 minutes 02 seconds 
West along the West line of the Northeast Quaiier of the aforesaid Section 16 for a 
distance of3 8.16 feet to a point 40.00 feet South of the Southerly right-of-way line of the 
aforesaid Chicago, Burlington and Quincy Railroad; thence South 77 degrees 24 minutes 
30 seconds East and parallel to the Southerly right-of-way line of the said Railroad for a 
distance of93.75 feet; thence South 78 degrees 17 minutes 30 seconds East and parallel 
to the Southerly right-of-way line of said Railroad for a distance of 100.00 feet to a point 
on the West right-of-way line of River Dock Road; thence South 79 degrees 14 minutes 
00 seconds East along the Southerly temrinus of said River Dock Road right-of-way for a 
distance of20.38 feet to a point on the Easterly right-of-way line of said River Dock 
Road; thence North 00 degrees 37 minutes 00 seconds West along said Easterlyright-of
way line for a distance of 142.72 feet to a jog in said right-of-way; thence South 79 
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degrees 48 minutes 00 seconds East along said right-of-way jog for a distance of20.38 
feet; thence North 00 degrees 37 minutes OQ seconds West along said Easterlyright-of
way line for a distance of 134.83 feet; thence North 25 degrees 20 minutes 00 seconds 
East along said Easterly right-of-way line for a distance of298.90 feet; thence North 
along said Easterly right-of-way line for a distance of200.00 feet; thence North 20 
degrees 53 minutes 00 seconds West along said Easterly right-of-way line for a distance 
of 100.00 feet to a point on the Southerly right-of-way line of Brunner Street; thence 
North 67 degrees 54 minutes 00 seconds East along said Southerly right-of-way line for a 
distance of 46.11 feet; thence North 82 degrees 28 minutes 36 seconds East along said 
right-of-way line for a distance of953.23 feet; thence North 81 degrees 47 minutes 13 
seconds East along said right-of-way line for a distance of 512.84 feet; thence South 01 
degree 22 minutes 42 seconds East for a distance of6.44 feet; thence South 01 degree 37 
minutes 06 seconds East, for a distance of242.09 feet; thence South 45 degrees 46 
minutes 15 seconds East for a distance of38.69 feet; thence South 47 degrees 18 minutes 
50 seconds East for a distance of 168. 72 feet to a point on the Northerly right-of-way line 
of the Chicago, Burlington and Quincy Railroad; thence Southwesterly along said right
of-way line for a distance of 1,471.19 feet to the point of beginning, excepting therefrom 
the right-of-way of the Chicago, Burlington and Quincy Railroad at River Dock Road, 
situated in the City of Peru, LaSalle County, State of Illinois. 

2. Common Address: 501 Brunner Street, Peru, Illinois 61354 

3. RealEstateTaxindex/ParcellndexNumber: 17-16-422-024, 17-16-442-025, and 17-16-
442-026 

4. Remediation Site Owner: Huntsman International LLC 

5. Land Use: Industrial/Commercial 

6. Site Investigation: focused 

See NFR letter for other terms. 

(Illinois EPA Site Remediation Program Environmental Notice) 
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TABLE A: Regulated Substances of Concern 

0990850005 I LaSalle County 

Peru I Flint Hills 

Site Remediation/Technical Reports 

Volatile Organic Compounds 
(VOCs) 
CAS No. Compound Name 
100-42-5 Styrene 
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PROPERTY OWNER CERTIFICATION OF THE NFRLETTER 
UNDER THE SITE REMEDIATION PROGRAM 

Where the Remediation Applicant (RA) is not the sole owner of the remediation site, the RA shall obtain the 
certification by original signature of each ovmer, or authorized agent of the owner(s), of the remediation site or any 
portion thereof who is not an RA. The property owner(s), or the duly authorized agent of the owuer(s) must certify, 
by original signature, the statement appearing below. This certification shall be recorded in accordance with Illinois 
Administrative Code 740.620. 

Include the full legal name, title, the company, the street address, the city, the state, the ZIP code, and the telephone 
number of all other property owners. Include the site nanie, street address, city, ZIP code, county, Illinois inventory 
identification number and real estate tax index/parcel index number. 

A duly authorized agent means a person who is authorized by written consent or by law to act on behalf of a 
property owner including, but not limited to: 

1. For corporations, a principai executiv~ officer of at least the level of vice
president; 

2. For a sole proprietorship or partnership, the proprietor or a general partner, 
respectively; and 

3. For a municipality, state or other public agency, the head of the agency or 
ranking elected official. 

For multiple property owners, attach additional sheets containing the information described above, along with a 
signed,. dated certification for each. All property owner certifications must be recorded along with the attached NFR 
letter. 

Property Owner Information 
Owner's Name: 
Title: 
Company: · 
Street Address: 
City: State: Zip Code: Phone: 

Site Information 
Site Name: 
Site Address: 

City: State: Zip Code: County: 
Illinois inventory identification number: 
Real Estate Tax Index/Parcel Index No. 

. 

I hereby certify that I have reviewed the attached No Further Remediation Letter and that I accept the terms and conditions 
and any land use limitations set forth in the letter. 

Owner's Signature: Date: 

SUBSCRIBED AND SWORN TO BEFORE ME 
this day of ,20~ 

Notary Public 

The Illino1s EPA 1s authonzed to require this mformallon under Sectrnns 415 ILCS 5/58 - 58.12 of the Envrromnental 
Protection Act and regulations promulgated thereunder. If the Remediation Applicant is not also the sole owner of the 
remediation site, this form must be completed by all owners of the remediation site and recorded with the NFR Letter. 
Failure to do so may void the NFR Letter. This form has been approved by the Forms Management Center. All information 
submitted to the Site Remediation Program is available to the public except when specifically designated by the Remediation 
Applicant to be treated confidentially as a trade secret or secret process in accordance with the Illinois Compiled Statutes, 
Section 7(a) of the Enviromnental Protection Act, applicable Rules and Regulations oithe Illinois Pollution Control Board 
and applicable Illinois EPA rules and guidelines. 
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Notice to Remediation Applicant 

Please follow these instructions when filing the NFR letter with the County Recorder's 
Office 

Instructions for Filing the NFR Letter 

The following documents must be filed: 

A. Body of the NFR Letter (contains appropriate tenns and conditions, tables, etc.) 
B. Attachments to NFR letter 
• Illinois EPA Site Remediation Program Enviromnental Notice (Legal Description and 

PIN ofprope1ty) · 

• Maps of the site 
• Table A: Regulated Substances of Concern (if applicable.) 
• Property Owner Certification 
C. A copy of the ordinance, if applicable, used to address groundwater contamination 

1. Place the Illinois EPA Site Remediation Program Enviromnental Notice on top of the NFR 
prior to giving it to the Recorder. 

2. If you are not the owner (record title holder) of the property on the date of filing of this NFR, 
you must attach a completed owner's certification form signed by the owner of the property 
at the time of filing (e.g., if the property recently sold, the new owner must sign). 

3. If any of the tenns and conditions of the NFR letter references a groundwater ordinance, you 
must record a copy of the groundwater ordinance with the NFR letter. 

4. If any of the tenns and conditions of the NFR letter references a highway agreement, you 
must record the highway agreement if specifically required by the municipality granting the 
agreement. 

5. Within thirty (30) days of this NFR Letter being recorded by the Office of the Recorder of 
the County in which the property is located, a certified copy of this Letter, as recorded, shall 
be obtained and submitted to the Illinois EPA to: 

P.J. Gebhardt 
Illinois Environmental Protection Agency 
Bureau ofLand/RPMS 
1021 North Grand Avenue East 
Post Office Box 19276 
Springfield, IL 62794-9276 

6. Remove this page from the NFR letter, prior to recording. 

If you have any questions call (217) 524-3300 and speak with the ''project manager on-call" in 
the Site Remediation Program. 





 

PRIVELEGED AND CONFIDENTIAL – PREPARED AT THE REQUEST OF COUNSEL 
ATTORNEY-CLIENT PRIVELEGE AND/OR ATTORNEY WORK PRODUCT 

Proprietary Information Use or disclosure of data contained on this 

sheet is subject to the restriction on the title page of this document.   ii 

Table of Contents 

I. Executive Summary ............................................................................................................ 1 

II. Introduction ......................................................................................................................... 2 

A. Purpose of Study ............................................................................................................ 2 

B. Study Scope ................................................................................................................... 2 

C. Process Description ........................................................................................................ 2 

III. Approach ............................................................................................................................. 3 

IV. Results ................................................................................................................................. 4 

 

 

Appendices 

Appendix A:  Piping Layouts and Pit Dimensions 

Appendix B:  Results – PROPOSED Piping Layout to Pit – Liquid Release Jet Profile 

Appendix C:  Results – E-R-14 Piping Layout to Pit – Liquid Release Jet Profile 

Appendix D:  Results – E-R-15 Piping Layout to Pit – Liquid Release Jet Profile 

Appendix E:  Results – E-R-16 Piping Layout to Pit – Liquid Release Jet Profile 

Appendix F:  Results – E-R-17 Piping Layout to Pit – Liquid Release Jet Profile 

Appendix G:  Results – E-R-18 Piping Layout to Pit – Liquid Release Jet Profile 

Appendix H:  Results – PROPOSED Piping Layout to Pit - Liquid Pool Depth 

Appendix I:  Results – E-R-14 Piping Layout to Pit - Liquid Pool Depth 

Appendix J:  Results – E-R-15 Piping Layout to Pit - Liquid Pool Depth 

Appendix K:  Results – E-R-16 Piping Layout to Pit - Liquid Pool Depth 

Appendix L:  Results – E-R-17 Piping Layout to Pit - Liquid Pool Depth 

Appendix M:  Results – E-R-18 Piping Layout to Pit - Liquid Pool Depth 

FHRPRU003530



 

PRIVELEGED AND CONFIDENTIAL – PREPARED AT THE REQUEST OF COUNSEL 
ATTORNEY-CLIENT PRIVELEGE AND/OR ATTORNEY WORK PRODUCT 

Proprietary Information Use or disclosure of data contained on this 

sheet is subject to the restriction on the title page of this document.   iii 

Appendix N:  Results – PROPOSED Piping Layout to Pit – Styrene Evaporation Rate 

Appendix O:  Results – E-R-14 Piping Layout to Pit – Styrene Evaporation Rate 

Appendix P:  Results – E-R-15 Piping Layout to Pit – Styrene Evaporation Rate 

Appendix Q:  Results – E-R-16 Piping Layout to Pit – Styrene Evaporation Rate 

Appendix R:  Results – E-R-17 Piping Layout to Pit – Styrene Evaporation Rate 

Appendix S:  Results – E-R-18 Piping Layout to Pit – Styrene Evaporation Rate 

Appendix T:  Results – PROPOSED Piping Layout to Pit – Styrene Vapor Cloud Dispersion 

Appendix U:  Results – E-R-14 Piping Layout to Pit – Styrene Vapor Cloud Dispersion 

Appendix V:  Results – E-R-15 Piping Layout to Pit – Styrene Vapor Cloud Dispersion 

Appendix W:  Results – E-R-16 Piping Layout to Pit – Styrene Vapor Cloud Dispersion 

Appendix X:  Results – E-R-17 Piping Layout to Pit – Styrene Vapor Cloud Dispersion 

Appendix Y:  Results – E-R-18 Piping Layout to Pit – Styrene Vapor Cloud Dispersion 

 

List of Tables 

Table 1: Jet Trajectory – Worst Case – 0% Reacted; 20 psig and 205°F .................................... 4 

 

List of Figures 

Figure 1: Liquid Release Jet Profile – Proposed Layout – 0% Reacted; D5 Stability Class; 20 
psig and 205°F .................................................................................................................. 14 

Figure 2: Liquid Release Jet Profile – Proposed Layout – 0% Reacted; F2 Stability Class; 20 
psig and 205°F .................................................................................................................. 15 

Figure 3: Liquid Release Jet Profile – Proposed Layout – 0% Reacted; D5 Stability Class; 5 
psig and 210°F .................................................................................................................. 16 

FHRPRU003531



 

PRIVELEGED AND CONFIDENTIAL – PREPARED AT THE REQUEST OF COUNSEL 
ATTORNEY-CLIENT PRIVELEGE AND/OR ATTORNEY WORK PRODUCT 

Proprietary Information Use or disclosure of data contained on this 

sheet is subject to the restriction on the title page of this document.   iv 

Figure 4: Liquid Release Jet Profile – Proposed Layout – 0% Reacted; F2 Stability Class; 5 
psig and 210°F .................................................................................................................. 17 

Figure 5: Liquid Release Jet Profile – Proposed Layout – 25% Reacted; D5 Stability Class; 20 
psig and 205°F .................................................................................................................. 18 

Figure 6: Liquid Release Jet Profile – Proposed Layout – 25% Reacted; F2 Stability Class; 20 
psig and 205°F .................................................................................................................. 19 

Figure 7: Liquid Release Jet Profile – Proposed Layout – 25% Reacted; D5 Stability Class; 5 
psig and 210°F .................................................................................................................. 20 

Figure 8: Liquid Release Jet Profile – Proposed Layout – 25% Reacted; F2 Stability Class; 5 
psig and 210°F .................................................................................................................. 21 

Figure 9: Liquid Release Jet Profile – Proposed Layout – 50% Reacted; D5 Stability Class; 20 
psig and 205°F .................................................................................................................. 22 

Figure 10: Liquid Release Jet Profile – Proposed Layout – 50% Reacted; F2 Stability Class; 5 
psig and 210°F .................................................................................................................. 23 

Figure 11: Liquid Release Jet Profile – Proposed Layout – 75% Reacted; F2 Stability Class; 20 
psig and 205°F .................................................................................................................. 24 

Figure 12: Liquid Release Jet Profile – Proposed Layout – 75% Reacted; F2 Stability Class; 5 
psig and 210°F .................................................................................................................. 25 

Figure 13: Liquid Release Jet Profile – Proposed Layout – 100% Reacted; D5 Stability Class; 
20 psig and 205°F ............................................................................................................. 26 

Figure 14: Liquid Release Jet Profile – Proposed Layout – 100% Reacted; F2 Stability Class; 
20 psig and 205°F ............................................................................................................. 27 

Figure 15: Liquid Release Jet Profile – Proposed Layout – 100% Reacted; D5 Stability Class; 5 
psig and 210°F .................................................................................................................. 28 

Figure 16: Liquid Release Jet Profile – Proposed Layout – 100% Reacted; F2 Stability Class; 5 
psig and 210°F .................................................................................................................. 29 

Figure 17: Liquid Release Jet Profile – E-R-14 Layout – 0% Reacted; D5 Stability Class; 20 
psig and 205°F .................................................................................................................. 31 

Figure 18: Liquid Release Jet Profile – E-R-14 Layout – 0% Reacted; F2 Stability Class; 20 
psig and 205°F .................................................................................................................. 32 

Figure 19: Liquid Release Jet Profile – E-R-14 Layout – 0% Reacted; D5 Stability Class; 5 psig 
and 210°F.......................................................................................................................... 33 

FHRPRU003532



 

PRIVELEGED AND CONFIDENTIAL – PREPARED AT THE REQUEST OF COUNSEL 
ATTORNEY-CLIENT PRIVELEGE AND/OR ATTORNEY WORK PRODUCT 

Proprietary Information Use or disclosure of data contained on this 

sheet is subject to the restriction on the title page of this document.   v 

Figure 20: Liquid Release Jet Profile – E-R-14 Layout – 0% Reacted; F2 Stability Class; 5 psig 
and 210°F.......................................................................................................................... 34 

Figure 21: Liquid Release Jet Profile – E-R-14 Layout – 25% Reacted; D5 Stability Class; 20 
psig and 205°F .................................................................................................................. 35 

Figure 22: Liquid Release Jet Profile – E-R-14 Layout – 25% Reacted; F2 Stability Class; 20 
psig and 205°F .................................................................................................................. 36 

Figure 23: Liquid Release Jet Profile – E-R-14 Layout – 25% Reacted; D5 Stability Class; 5 
psig and 210°F .................................................................................................................. 37 

Figure 24: Liquid Release Jet Profile – E-R-14 Layout – 25% Reacted; F2 Stability Class; 5 
psig and 210°F .................................................................................................................. 38 

Figure 25: Liquid Release Jet Profile – E-R-14 Layout – 50% Reacted; D5 Stability Class; 20 
psig and 205°F .................................................................................................................. 39 

Figure 26: Liquid Release Jet Profile – E-R-14 Layout – 50% Reacted; F2 Stability Class; 20 
psig and 205°F .................................................................................................................. 40 

Figure 27: Liquid Release Jet Profile – E-R-14 Layout – 50% Reacted; D5 Stability Class; 5 
psig and 210°F .................................................................................................................. 41 

Figure 28: Liquid Release Jet Profile – E-R-14 Layout – 50% Reacted; F2 Stability Class; 5 
psig and 210°F .................................................................................................................. 42 

Figure 29: Liquid Release Jet Profile – E-R-14 Layout – 75% Reacted; D5 Stability Class; 20 
psig and 205°F .................................................................................................................. 43 

Figure 30: Liquid Release Jet Profile – E-R-14 Layout – 75% Reacted; F2 Stability Class; 20 
psig and 205°F .................................................................................................................. 44 

Figure 31: Liquid Release Jet Profile – E-R-14 Layout – 75% Reacted; D5 Stability Class; 5 
psig and 210°F .................................................................................................................. 45 

Figure 32: Liquid Release Jet Profile – E-R-14 Layout – 75% Reacted; F2 Stability Class; 5 
psig and 210°F .................................................................................................................. 46 

Figure 33: Liquid Release Jet Profile – E-R-14 Layout – 100% Reacted; D5 Stability Class; 20 
psig and 205°F .................................................................................................................. 47 

Figure 34: Liquid Release Jet Profile – E-R-14 Layout – 100% Reacted; F2 Stability Class; 20 
psig and 205°F .................................................................................................................. 48 

Figure 35: Liquid Release Jet Profile – E-R-14 Layout – 100% Reacted; D5 Stability Class; 5 
psig and 210°F .................................................................................................................. 49 

FHRPRU003533



 

PRIVELEGED AND CONFIDENTIAL – PREPARED AT THE REQUEST OF COUNSEL 
ATTORNEY-CLIENT PRIVELEGE AND/OR ATTORNEY WORK PRODUCT 

Proprietary Information Use or disclosure of data contained on this 

sheet is subject to the restriction on the title page of this document.   vi 

Figure 36: Liquid Release Jet Profile – E-R-14 Layout – 100% Reacted; F2 Stability Class; 5 
psig and 210°F .................................................................................................................. 50 

Figure 37: Liquid Release Jet Profile – E-R-15 Layout – 0% Reacted; D5 Stability Class; 20 
psig and 205°F .................................................................................................................. 52 

Figure 38: Liquid Release Jet Profile – E-R-15 Layout – 0% Reacted; F2 Stability Class; 20 
psig and 205°F .................................................................................................................. 53 

Figure 39: Liquid Release Jet Profile – E-R-15 Layout – 0% Reacted; D5 Stability Class; 5 psig 
and 210°F.......................................................................................................................... 54 

Figure 40: Liquid Release Jet Profile – E-R-15 Layout – 0% Reacted; F2 Stability Class; 5 psig 
and 210°F.......................................................................................................................... 55 

Figure 41: Liquid Release Jet Profile – E-R-15 Layout – 25% Reacted; D5 Stability Class; 20 
psig and 205°F .................................................................................................................. 56 

Figure 42: Liquid Release Jet Profile – E-R-15 Layout – 25% Reacted; F2 Stability Class; 20 
psig and 205°F .................................................................................................................. 57 

Figure 43: Liquid Release Jet Profile – E-R-15 Layout – 25% Reacted; D5 Stability Class; 5 
psig and 210°F .................................................................................................................. 58 

Figure 44: Liquid Release Jet Profile – E-R-15 Layout – 25% Reacted; F2 Stability Class; 5 
psig and 210°F .................................................................................................................. 59 

Figure 45: Liquid Release Jet Profile – E-R-15 Layout – 50% Reacted; D5 Stability Class; 20 
psig and 205°F .................................................................................................................. 60 

Figure 46: Liquid Release Jet Profile – E-R-15 Layout – 50% Reacted; F2 Stability Class; 20 
psig and 205°F .................................................................................................................. 61 

Figure 47: Liquid Release Jet Profile – E-R-15 Layout – 50% Reacted; D5 Stability Class; 5 
psig and 210°F .................................................................................................................. 62 

Figure 48: Liquid Release Jet Profile – E-R-15 Layout – 50% Reacted; F2 Stability Class; 5 
psig and 210°F .................................................................................................................. 63 

Figure 49: Liquid Release Jet Profile – E-R-15 Layout – 75% Reacted; D5 Stability Class; 20 
psig and 205°F .................................................................................................................. 64 

Figure 50: Liquid Release Jet Profile – E-R-15 Layout – 75% Reacted; F2 Stability Class; 20 
psig and 205°F .................................................................................................................. 65 

Figure 51: Liquid Release Jet Profile – E-R-15 Layout – 75% Reacted; D5 Stability Class; 5 
psig and 210°F .................................................................................................................. 66 

FHRPRU003534



 

PRIVELEGED AND CONFIDENTIAL – PREPARED AT THE REQUEST OF COUNSEL 
ATTORNEY-CLIENT PRIVELEGE AND/OR ATTORNEY WORK PRODUCT 

Proprietary Information Use or disclosure of data contained on this 

sheet is subject to the restriction on the title page of this document.   vii 

Figure 52: Liquid Release Jet Profile – E-R-15 Layout – 75% Reacted; F2 Stability Class; 5 
psig and 210°F .................................................................................................................. 67 

Figure 53: Liquid Release Jet Profile – E-R-15 Layout – 100% Reacted; D5 Stability Class; 20 
psig and 205°F .................................................................................................................. 68 

Figure 54: Liquid Release Jet Profile – E-R-15 Layout – 100% Reacted; F2 Stability Class; 20 
psig and 205°F .................................................................................................................. 69 

Figure 55: Liquid Release Jet Profile – E-R-15 Layout – 100% Reacted; D5 Stability Class; 5 
psig and 210°F .................................................................................................................. 70 

Figure 56: Liquid Release Jet Profile – E-R-15 Layout – 100% Reacted; F2 Stability Class; 5 
psig and 210°F .................................................................................................................. 71 

Figure 57: Liquid Release Jet Profile – E-R-16 Layout – 0% Reacted; D5 Stability Class; 20 
psig and 205°F .................................................................................................................. 73 

Figure 58: Liquid Release Jet Profile – E-R-16 Layout – 0% Reacted; F2 Stability Class; 20 
psig and 205°F .................................................................................................................. 74 

Figure 59: Liquid Release Jet Profile – E-R-16 Layout – 0% Reacted; D5 Stability Class; 5 psig 
and 210°F.......................................................................................................................... 75 

Figure 60: Liquid Release Jet Profile – E-R-16 Layout – 0% Reacted; F2 Stability Class; 5 psig 
and 210°F.......................................................................................................................... 76 

Figure 61: Liquid Release Jet Profile – E-R-16 Layout – 25% Reacted; D5 Stability Class; 20 
psig and 205°F .................................................................................................................. 77 

Figure 62: Liquid Release Jet Profile – E-R-16 Layout – 25% Reacted; F2 Stability Class; 20 
psig and 205°F .................................................................................................................. 78 

Figure 63: Liquid Release Jet Profile – E-R-16 Layout – 25% Reacted; D5 Stability Class; 5 
psig and 210°F .................................................................................................................. 79 

Figure 64: Liquid Release Jet Profile – E-R-16 Layout – 25% Reacted; F2 Stability Class; 5 
psig and 210°F .................................................................................................................. 80 

Figure 65: Liquid Release Jet Profile – E-R-16 Layout – 50% Reacted; D5 Stability Class; 20 
psig and 205°F .................................................................................................................. 81 

Figure 66: Liquid Release Jet Profile – E-R-16 Layout – 50% Reacted; F2 Stability Class; 20 
psig and 205°F .................................................................................................................. 82 

Figure 67: Liquid Release Jet Profile – E-R-16 Layout – 50% Reacted; D5 Stability Class; 5 
psig and 210°F .................................................................................................................. 83 

FHRPRU003535



 

PRIVELEGED AND CONFIDENTIAL – PREPARED AT THE REQUEST OF COUNSEL 
ATTORNEY-CLIENT PRIVELEGE AND/OR ATTORNEY WORK PRODUCT 

Proprietary Information Use or disclosure of data contained on this 

sheet is subject to the restriction on the title page of this document.   viii 

Figure 68: Liquid Release Jet Profile – E-R-16 Layout – 50% Reacted; F2 Stability Class; 5 
psig and 210°F .................................................................................................................. 84 

Figure 69: Liquid Release Jet Profile – E-R-16 Layout – 75% Reacted; D5 Stability Class; 20 
psig and 205°F .................................................................................................................. 85 

Figure 70: Liquid Release Jet Profile – E-R-16 Layout – 75% Reacted; F2 Stability Class; 20 
psig and 205°F .................................................................................................................. 86 

Figure 71: Liquid Release Jet Profile – E-R-16 Layout – 75% Reacted; D5 Stability Class; 5 
psig and 210°F .................................................................................................................. 87 

Figure 72: Liquid Release Jet Profile – E-R-16 Layout – 75% Reacted; F2 Stability Class; 5 
psig and 210°F .................................................................................................................. 88 

Figure 73: Liquid Release Jet Profile – E-R-16 Layout – 100% Reacted; D5 Stability Class; 20 
psig and 205°F .................................................................................................................. 89 

Figure 74: Liquid Release Jet Profile – E-R-16 Layout – 100% Reacted; F2 Stability Class; 20 
psig and 205°F .................................................................................................................. 90 

Figure 75: Liquid Release Jet Profile – E-R-16 Layout – 100% Reacted; D5 Stability Class; 5 
psig and 210°F .................................................................................................................. 91 

Figure 76: Liquid Release Jet Profile – E-R-16 Layout – 100% Reacted; F2 Stability Class; 5 
psig and 210°F .................................................................................................................. 92 

Figure 77: Liquid Release Jet Profile – E-R-17 Layout – 0% Reacted; D5 Stability Class; 20 
psig and 205°F .................................................................................................................. 94 

Figure 78: Liquid Release Jet Profile – E-R-17 Layout – 0% Reacted; F2 Stability Class; 20 
psig and 205°F .................................................................................................................. 95 

Figure 79: Liquid Release Jet Profile – E-R-17 Layout – 0% Reacted; D5 Stability Class; 5 psig 
and 210°F.......................................................................................................................... 96 

Figure 80: Liquid Release Jet Profile – E-R-17 Layout – 0% Reacted; F2 Stability Class; 5 psig 
and 210°F.......................................................................................................................... 97 

Figure 81: Liquid Release Jet Profile – E-R-17 Layout – 25% Reacted; D5 Stability Class; 20 
psig and 205°F .................................................................................................................. 98 

Figure 82: Liquid Release Jet Profile – E-R-17 Layout – 25% Reacted; F2 Stability Class; 20 
psig and 205°F .................................................................................................................. 99 

Figure 83: Liquid Release Jet Profile – E-R-17 Layout – 25% Reacted; D5 Stability Class; 5 
psig and 210°F ................................................................................................................ 100 

FHRPRU003536



 

PRIVELEGED AND CONFIDENTIAL – PREPARED AT THE REQUEST OF COUNSEL 
ATTORNEY-CLIENT PRIVELEGE AND/OR ATTORNEY WORK PRODUCT 

Proprietary Information Use or disclosure of data contained on this 

sheet is subject to the restriction on the title page of this document.   ix 

Figure 84: Liquid Release Jet Profile – E-R-17 Layout – 25% Reacted; F2 Stability Class; 5 
psig and 210°F ................................................................................................................ 101 

Figure 85: Liquid Release Jet Profile – E-R-17 Layout – 50% Reacted; D5 Stability Class; 20 
psig and 205°F ................................................................................................................ 102 

Figure 86: Liquid Release Jet Profile – E-R-17 Layout – 50% Reacted; F2 Stability Class; 20 
psig and 205°F ................................................................................................................ 103 

Figure 87: Liquid Release Jet Profile – E-R-17 Layout – 50% Reacted; D5 Stability Class; 5 
psig and 210°F ................................................................................................................ 104 

Figure 88: Liquid Release Jet Profile – E-R-17 Layout – 50% Reacted; F2 Stability Class; 5 
psig and 210°F ................................................................................................................ 105 

Figure 89: Liquid Release Jet Profile – E-R-17 Layout – 75% Reacted; D5 Stability Class; 20 
psig and 205°F ................................................................................................................ 106 

Figure 90: Liquid Release Jet Profile – E-R-17 Layout – 75% Reacted; F2 Stability Class; 20 
psig and 205°F ................................................................................................................ 107 

Figure 91: Liquid Release Jet Profile – E-R-17 Layout – 75% Reacted; D5 Stability Class; 5 
psig and 210°F ................................................................................................................ 108 

Figure 92: Liquid Release Jet Profile – E-R-17 Layout – 75% Reacted; F2 Stability Class; 5 
psig and 210°F ................................................................................................................ 109 

Figure 93: Liquid Release Jet Profile – E-R-17 Layout – 100% Reacted; D5 Stability Class; 20 
psig and 205°F ................................................................................................................ 110 

Figure 94: Liquid Release Jet Profile – E-R-17 Layout – 100% Reacted; F2 Stability Class; 20 
psig and 205°F ................................................................................................................ 111 

Figure 95: Liquid Release Jet Profile – E-R-17 Layout – 100% Reacted; D5 Stability Class; 5 
psig and 210°F ................................................................................................................ 112 

Figure 96: Liquid Release Jet Profile – E-R-17 Layout – 100% Reacted; F2 Stability Class; 5 
psig and 210°F ................................................................................................................ 113 

Figure 97: Liquid Release Jet Profile – E-R-18 Layout – 0% Reacted; D5 Stability Class; 20 
psig and 205°F ................................................................................................................ 115 

Figure 98: Liquid Release Jet Profile – E-R-18 Layout – 0% Reacted; F2 Stability Class; 20 
psig and 205°F ................................................................................................................ 116 

Figure 99: Liquid Release Jet Profile – E-R-18 Layout – 0% Reacted; D5 Stability Class; 5 psig 
and 210°F........................................................................................................................ 117 

FHRPRU003537



 

PRIVELEGED AND CONFIDENTIAL – PREPARED AT THE REQUEST OF COUNSEL 
ATTORNEY-CLIENT PRIVELEGE AND/OR ATTORNEY WORK PRODUCT 

Proprietary Information Use or disclosure of data contained on this 

sheet is subject to the restriction on the title page of this document.   x 

Figure 100: Liquid Release Jet Profile – E-R-18 Layout – 0% Reacted; F2 Stability Class; 5 
psig and 210°F ................................................................................................................ 118 

Figure 101: Liquid Release Jet Profile – E-R-18 Layout – 25% Reacted; D5 Stability Class; 20 
psig and 205°F ................................................................................................................ 119 

Figure 102: Liquid Release Jet Profile – E-R-18 Layout – 25% Reacted; F2 Stability Class; 20 
psig and 205°F ................................................................................................................ 120 

Figure 103: Liquid Release Jet Profile – E-R-18 Layout – 25% Reacted; D5 Stability Class; 5 
psig and 210°F ................................................................................................................ 121 

Figure 104: Liquid Release Jet Profile – E-R-18 Layout – 25% Reacted; F2 Stability Class; 5 
psig and 210°F ................................................................................................................ 122 

Figure 105: Liquid Release Jet Profile – E-R-18 Layout – 50% Reacted; D5 Stability Class; 20 
psig and 205°F ................................................................................................................ 123 

Figure 106: Liquid Release Jet Profile – E-R-18 Layout – 50% Reacted; F2 Stability Class; 20 
psig and 205°F ................................................................................................................ 124 

Figure 107: Liquid Release Jet Profile – E-R-18 Layout – 50% Reacted; D5 Stability Class; 5 
psig and 210°F ................................................................................................................ 125 

Figure 108: Liquid Release Jet Profile – E-R-18 Layout – 50% Reacted; F2 Stability Class; 5 
psig and 210°F ................................................................................................................ 126 

Figure 109: Liquid Release Jet Profile – E-R-18 Layout – 75% Reacted; D5 Stability Class; 20 
psig and 205°F ................................................................................................................ 127 

Figure 110: Liquid Release Jet Profile – E-R-18 Layout – 75% Reacted; F2 Stability Class; 20 
psig and 205°F ................................................................................................................ 128 

Figure 111: Liquid Release Jet Profile – E-R-18 Layout – 75% Reacted; D5 Stability Class; 5 
psig and 210°F ................................................................................................................ 129 

Figure 112: Liquid Release Jet Profile – E-R-18 Layout – 75% Reacted; F2 Stability Class; 5 
psig and 210°F ................................................................................................................ 130 

Figure 113: Liquid Release Jet Profile – E-R-18 Layout – 100% Reacted; D5 Stability Class; 20 
psig and 205°F ................................................................................................................ 131 

Figure 114: Liquid Release Jet Profile – E-R-18 Layout – 100% Reacted; F2 Stability Class; 20 
psig and 205°F ................................................................................................................ 132 

Figure 115: Liquid Release Jet Profile – E-R-18 Layout – 100% Reacted; D5 Stability Class; 5 
psig and 210°F ................................................................................................................ 133 

FHRPRU003538



 

PRIVELEGED AND CONFIDENTIAL – PREPARED AT THE REQUEST OF COUNSEL 
ATTORNEY-CLIENT PRIVELEGE AND/OR ATTORNEY WORK PRODUCT 

Proprietary Information Use or disclosure of data contained on this 

sheet is subject to the restriction on the title page of this document.   xi 

Figure 116: Liquid Release Jet Profile – E-R-18 Layout – 100% Reacted; F2 Stability Class; 5 
psig and 210°F ................................................................................................................ 134 

Figure 117: Liquid Pool Depth – Proposed Layout – 0% Reacted; D5 Stability Class; 20 psig 
and 205°F........................................................................................................................ 136 

Figure 118: Liquid Pool Depth – Proposed Layout – 0% Reacted; F2 Stability Class; 20 psig 
and 205°F........................................................................................................................ 137 

Figure 119: Liquid Pool Depth – Proposed Layout – 0% Reacted; D5 Stability Class; 5 psig and 
210°F .............................................................................................................................. 138 

Figure 120: Liquid Pool Depth – Proposed Layout – 0% Reacted; F2 Stability Class; 5 psig and 
210°F .............................................................................................................................. 139 

Figure 121: Liquid Pool Depth – Proposed Layout – 25% Reacted; D5 Stability Class; 20 psig 
and 205°F........................................................................................................................ 140 

Figure 122: Liquid Pool Depth – Proposed Layout – 25% Reacted; F2 Stability Class; 20 psig 
and 205°F........................................................................................................................ 141 

Figure 123: Liquid Pool Depth – Proposed Layout – 25% Reacted; D5 Stability Class; 5 psig 
and 210°F........................................................................................................................ 142 

Figure 124: Liquid Pool Depth – Proposed Layout – 25% Reacted; F2 Stability Class; 5 psig 
and 210°F........................................................................................................................ 143 

Figure 125: Liquid Pool Depth – E-R-14 Layout – 0% Reacted; D5 Stability Class; 20 psig and 
205°F .............................................................................................................................. 145 

Figure 126: Liquid Pool Depth – E-R-14 Layout – 0% Reacted; F2 Stability Class; 20 psig and 
205°F .............................................................................................................................. 146 

Figure 127: Liquid Pool Depth – E-R-14 Layout – 0% Reacted; D5 Stability Class; 5 psig and 
210°F .............................................................................................................................. 147 

Figure 128: Liquid Pool Depth – E-R-14 Layout – 0% Reacted; F2 Stability Class; 5 psig and 
210°F .............................................................................................................................. 148 

Figure 129: Liquid Pool Depth – E-R-14 Layout – 25% Reacted; D5 Stability Class; 20 psig and 
205°F .............................................................................................................................. 149 

Figure 130: Liquid Pool Depth – E-R-14 Layout – 25% Reacted; F2 Stability Class; 20 psig and 
205°F .............................................................................................................................. 150 

Figure 131: Liquid Pool Depth – E-R-14 Layout – 25% Reacted; D5 Stability Class; 5 psig and 
210°F .............................................................................................................................. 151 

FHRPRU003539



 

PRIVELEGED AND CONFIDENTIAL – PREPARED AT THE REQUEST OF COUNSEL 
ATTORNEY-CLIENT PRIVELEGE AND/OR ATTORNEY WORK PRODUCT 

Proprietary Information Use or disclosure of data contained on this 

sheet is subject to the restriction on the title page of this document.   xii 

Figure 132: Liquid Pool Depth – E-R-14 Layout – 25% Reacted; F2 Stability Class; 5 psig and 
210°F .............................................................................................................................. 152 

Figure 133: Liquid Pool Depth – E-R-15 Layout – 0% Reacted; D5 Stability Class; 20 psig and 
205°F .............................................................................................................................. 154 

Figure 134: Liquid Pool Depth – E-R-15 Layout – 0% Reacted; F2 Stability Class; 20 psig and 
205°F .............................................................................................................................. 155 

Figure 135: Liquid Pool Depth – E-R-15 Layout – 0% Reacted; D5 Stability Class; 5 psig and 
210°F .............................................................................................................................. 156 

Figure 136: Liquid Pool Depth – E-R-15 Layout – 0% Reacted; F2 Stability Class; 5 psig and 
210°F .............................................................................................................................. 157 

Figure 137: Liquid Pool Depth – E-R-15 Layout – 25% Reacted; D5 Stability Class; 20 psig and 
205°F .............................................................................................................................. 158 

Figure 138: Liquid Pool Depth – E-R-15 Layout – 25% Reacted; F2 Stability Class; 20 psig and 
205°F .............................................................................................................................. 159 

Figure 139: Liquid Pool Depth – E-R-15 Layout – 25% Reacted; D5 Stability Class; 5 psig and 
210°F .............................................................................................................................. 160 

Figure 140: Liquid Pool Depth – E-R-15 Layout – 25% Reacted; F2 Stability Class; 5 psig and 
210°F .............................................................................................................................. 161 

Figure 141: Liquid Pool Depth – E-R-16 Layout – 0% Reacted; D5 Stability Class; 20 psig and 
205°F .............................................................................................................................. 163 

Figure 142: Liquid Pool Depth – E-R-16 Layout – 0% Reacted; F2 Stability Class; 20 psig and 
205°F .............................................................................................................................. 164 

Figure 143: Liquid Pool Depth – E-R-16 Layout – 0% Reacted; D5 Stability Class; 5 psig and 
210°F .............................................................................................................................. 165 

Figure 144: Liquid Pool Depth – E-R-16 Layout – 0% Reacted; F2 Stability Class; 5 psig and 
210°F .............................................................................................................................. 166 

Figure 145: Liquid Pool Depth – E-R-16 Layout – 25% Reacted; D5 Stability Class; 20 psig and 
205°F .............................................................................................................................. 167 

Figure 146: Liquid Pool Depth – E-R-16 Layout – 25% Reacted; F2 Stability Class; 20 psig and 
205°F .............................................................................................................................. 168 

Figure 147: Liquid Pool Depth – E-R-16 Layout – 25% Reacted; D5 Stability Class; 5 psig and 
210°F .............................................................................................................................. 169 

FHRPRU003540



 

PRIVELEGED AND CONFIDENTIAL – PREPARED AT THE REQUEST OF COUNSEL 
ATTORNEY-CLIENT PRIVELEGE AND/OR ATTORNEY WORK PRODUCT 

Proprietary Information Use or disclosure of data contained on this 

sheet is subject to the restriction on the title page of this document.   xiii 

Figure 148: Liquid Pool Depth – E-R-16 Layout – 25% Reacted; F2 Stability Class; 5 psig and 
210°F .............................................................................................................................. 170 

Figure 149: Liquid Pool Depth – E-R-17 Layout – 0% Reacted; D5 Stability Class; 20 psig and 
205°F .............................................................................................................................. 172 

Figure 150: Liquid Pool Depth – E-R-17 Layout – 0% Reacted; F2 Stability Class; 20 psig and 
205°F .............................................................................................................................. 173 

Figure 151: Liquid Pool Depth – E-R-17 Layout – 0% Reacted; D5 Stability Class; 5 psig and 
210°F .............................................................................................................................. 174 

Figure 152: Liquid Pool Depth – E-R-17 Layout – 0% Reacted; F2 Stability Class; 5 psig and 
210°F .............................................................................................................................. 175 

Figure 153: Liquid Pool Depth – E-R-17 Layout – 25% Reacted; D5 Stability Class; 20 psig and 
205°F .............................................................................................................................. 176 

Figure 154: Liquid Pool Depth – E-R-17 Layout – 25% Reacted; F2 Stability Class; 20 psig and 
205°F .............................................................................................................................. 177 

Figure 155: Liquid Pool Depth – E-R-17 Layout – 25% Reacted; D5 Stability Class; 5 psig and 
210°F .............................................................................................................................. 178 

Figure 156: Liquid Pool Depth – E-R-17 Layout – 25% Reacted; F2 Stability Class; 5 psig and 
210°F .............................................................................................................................. 179 

Figure 157: Liquid Pool Depth – E-R-18 Layout – 0% Reacted; D5 Stability Class; 20 psig and 
205°F .............................................................................................................................. 181 

Figure 158: Liquid Pool Depth – E-R-18 Layout – 0% Reacted; F2 Stability Class; 20 psig and 
205°F .............................................................................................................................. 182 

Figure 159: Liquid Pool Depth – E-R-18 Layout – 0% Reacted; D5 Stability Class; 5 psig and 
210°F .............................................................................................................................. 183 

Figure 160: Liquid Pool Depth – E-R-18 Layout – 0% Reacted; F2 Stability Class; 5 psig and 
210°F .............................................................................................................................. 184 

Figure 161: Liquid Pool Depth – E-R-18 Layout – 25% Reacted; D5 Stability Class; 20 psig and 
205°F .............................................................................................................................. 185 

Figure 162: Liquid Pool Depth – E-R-18 Layout – 25% Reacted; F2 Stability Class; 20 psig and 
205°F .............................................................................................................................. 186 

Figure 163: Liquid Pool Depth – E-R-18 Layout – 25% Reacted; D5 Stability Class; 5 psig and 
210°F .............................................................................................................................. 187 

FHRPRU003541



 

PRIVELEGED AND CONFIDENTIAL – PREPARED AT THE REQUEST OF COUNSEL 
ATTORNEY-CLIENT PRIVELEGE AND/OR ATTORNEY WORK PRODUCT 

Proprietary Information Use or disclosure of data contained on this 

sheet is subject to the restriction on the title page of this document.   xiv 

Figure 164: Liquid Pool Depth – E-R-18 Layout – 25% Reacted; F2 Stability Class; 5 psig and 
210°F .............................................................................................................................. 188 

Figure 165: Styrene Evaporation Rate – PROPOSED Layout – 0% Reacted; D5 Stability Class; 
20 psig and 205°F ........................................................................................................... 190 

Figure 166: Styrene Evaporation Rate – PROPOSED Layout – 0% Reacted; F2 Stability Class; 
20 psig and 205°F ........................................................................................................... 191 

Figure 167: Styrene Evaporation Rate – PROPOSED Layout – 0% Reacted; D5 Stability Class; 
5 psig and 210°F ............................................................................................................. 192 

Figure 168: Styrene Evaporation Rate – PROPOSED Layout – 0% Reacted; F2 Stability Class; 
5 psig and 210°F ............................................................................................................. 193 

Figure 169: Styrene Evaporation Rate – PROPOSED Layout – 25% Reacted; D5 Stability 
Class; 20 psig and 205°F ................................................................................................ 194 

Figure 170: Styrene Evaporation Rate – PROPOSED Layout – 25% Reacted; F2 Stability 
Class; 20 psig and 205°F ................................................................................................ 195 

Figure 171: Styrene Evaporation Rate – PROPOSED Layout – 25% Reacted; D5 Stability 
Class; 5 psig and 210°F .................................................................................................. 196 

Figure 172: Styrene Evaporation Rate – PROPOSED Layout – 25% Reacted; F2 Stability 
Class; 5 psig and 210°F .................................................................................................. 197 

Figure 173: Styrene Evaporation Rate – E-R-14 Layout – 0% Reacted; D5 Stability Class; 20 
psig and 205°F ................................................................................................................ 199 

Figure 174: Styrene Evaporation Rate – E-R-14 Layout – 0% Reacted; F2 Stability Class; 20 
psig and 205°F ................................................................................................................ 200 

Figure 175: Styrene Evaporation Rate – E-R-14 Layout – 0% Reacted; D5 Stability Class; 5 
psig and 210°F ................................................................................................................ 201 

Figure 176: Styrene Evaporation Rate – E-R-14 Layout – 0% Reacted; F2 Stability Class; 5 
psig and 210°F ................................................................................................................ 202 

Figure 177: Styrene Evaporation Rate – E-R-14 Layout – 25% Reacted; D5 Stability Class; 20 
psig and 205°F ................................................................................................................ 203 

Figure 178: Styrene Evaporation Rate – E-R-14 Layout – 25% Reacted; F2 Stability Class; 20 
psig and 205°F ................................................................................................................ 204 

Figure 179: Styrene Evaporation Rate – E-R-14 Layout – 25% Reacted; D5 Stability Class; 5 
psig and 210°F ................................................................................................................ 205 

FHRPRU003542



 

PRIVELEGED AND CONFIDENTIAL – PREPARED AT THE REQUEST OF COUNSEL 
ATTORNEY-CLIENT PRIVELEGE AND/OR ATTORNEY WORK PRODUCT 

Proprietary Information Use or disclosure of data contained on this 

sheet is subject to the restriction on the title page of this document.   xv 

Figure 180: Styrene Evaporation Rate – E-R-14 Layout – 25% Reacted; F2 Stability Class; 5 
psig and 210°F ................................................................................................................ 206 

Figure 181: Styrene Evaporation Rate – E-R-15 Layout – 0% Reacted; D5 Stability Class; 20 
psig and 205°F ................................................................................................................ 208 

Figure 182: Styrene Evaporation Rate – E-R-15 Layout – 0% Reacted; F2 Stability Class; 20 
psig and 205°F ................................................................................................................ 209 

Figure 183: Styrene Evaporation Rate – E-R-15 Layout – 0% Reacted; D5 Stability Class; 5 
psig and 210°F ................................................................................................................ 210 

Figure 184: Styrene Evaporation Rate – E-R-15 Layout – 0% Reacted; F2 Stability Class; 5 
psig and 210°F ................................................................................................................ 211 

Figure 185: Styrene Evaporation Rate – E-R-15 Layout – 25% Reacted; D5 Stability Class; 20 
psig and 205°F ................................................................................................................ 212 

Figure 186: Styrene Evaporation Rate – E-R-15 Layout – 25% Reacted; F2 Stability Class; 20 
psig and 205°F ................................................................................................................ 213 

Figure 187: Styrene Evaporation Rate – E-R-15 Layout – 25% Reacted; D5 Stability Class; 5 
psig and 210°F ................................................................................................................ 214 

Figure 188: Styrene Evaporation Rate – E-R-15 Layout – 25% Reacted; F2 Stability Class; 5 
psig and 210°F ................................................................................................................ 215 

Figure 189: Styrene Evaporation Rate – E-R-16 Layout – 0% Reacted; D5 Stability Class; 20 
psig and 205°F ................................................................................................................ 217 

Figure 190: Styrene Evaporation Rate – E-R-16 Layout – 0% Reacted; F2 Stability Class; 20 
psig and 205°F ................................................................................................................ 218 

Figure 191: Styrene Evaporation Rate – E-R-16 Layout – 0% Reacted; D5 Stability Class; 5 
psig and 210°F ................................................................................................................ 219 

Figure 192: Styrene Evaporation Rate – E-R-16 Layout – 0% Reacted; F2 Stability Class; 5 
psig and 210°F ................................................................................................................ 220 

Figure 193: Styrene Evaporation Rate – E-R-16 Layout – 25% Reacted; D5 Stability Class; 20 
psig and 205°F ................................................................................................................ 221 

Figure 194: Styrene Evaporation Rate – E-R-16 Layout – 25% Reacted; F2 Stability Class; 20 
psig and 205°F ................................................................................................................ 222 

Figure 195: Styrene Evaporation Rate – E-R-16 Layout – 25% Reacted; D5 Stability Class; 5 
psig and 210°F ................................................................................................................ 223 

FHRPRU003543



 

PRIVELEGED AND CONFIDENTIAL – PREPARED AT THE REQUEST OF COUNSEL 
ATTORNEY-CLIENT PRIVELEGE AND/OR ATTORNEY WORK PRODUCT 

Proprietary Information Use or disclosure of data contained on this 

sheet is subject to the restriction on the title page of this document.   xvi 

Figure 196: Styrene Evaporation Rate – E-R-16 Layout – 25% Reacted; F2 Stability Class; 5 
psig and 210°F ................................................................................................................ 224 

Figure 197: Styrene Evaporation Rate – E-R-17 Layout – 0% Reacted; D5 Stability Class; 20 
psig and 205°F ................................................................................................................ 226 

Figure 198: Styrene Evaporation Rate – E-R-17 Layout – 0% Reacted; F2 Stability Class; 20 
psig and 205°F ................................................................................................................ 227 

Figure 199: Styrene Evaporation Rate – E-R-17 Layout – 0% Reacted; D5 Stability Class; 5 
psig and 210°F ................................................................................................................ 228 

Figure 200: Styrene Evaporation Rate – E-R-17 Layout – 0% Reacted; F2 Stability Class; 5 
psig and 210°F ................................................................................................................ 229 

Figure 201: Styrene Evaporation Rate – E-R-17 Layout – 25% Reacted; D5 Stability Class; 20 
psig and 205°F ................................................................................................................ 230 

Figure 202: Styrene Evaporation Rate – E-R-17 Layout – 25% Reacted; F2 Stability Class; 20 
psig and 205°F ................................................................................................................ 231 

Figure 203: Styrene Evaporation Rate – E-R-17 Layout – 25% Reacted; D5 Stability Class; 5 
psig and 210°F ................................................................................................................ 232 

Figure 204: Styrene Evaporation Rate – E-R-17 Layout – 25% Reacted; F2 Stability Class; 5 
psig and 210°F ................................................................................................................ 233 

Figure 205: Styrene Evaporation Rate – E-R-18 Layout – 0% Reacted; D5 Stability Class; 20 
psig and 205°F ................................................................................................................ 235 

Figure 206: Styrene Evaporation Rate – E-R-18 Layout – 0% Reacted; F2 Stability Class; 20 
psig and 205°F ................................................................................................................ 236 

Figure 207: Styrene Evaporation Rate – E-R-18 Layout – 0% Reacted; D5 Stability Class; 5 
psig and 210°F ................................................................................................................ 237 

Figure 208: Styrene Evaporation Rate – E-R-18 Layout – 0% Reacted; F2 Stability Class; 5 
psig and 210°F ................................................................................................................ 238 

Figure 209: Styrene Evaporation Rate – E-R-18 Layout – 25% Reacted; D5 Stability Class; 20 
psig and 205°F ................................................................................................................ 239 

Figure 210: Styrene Evaporation Rate – E-R-18 Layout – 25% Reacted; F2 Stability Class; 20 
psig and 205°F ................................................................................................................ 240 

Figure 211: Styrene Evaporation Rate – E-R-18 Layout – 25% Reacted; D5 Stability Class; 5 
psig and 210°F ................................................................................................................ 241 

FHRPRU003544



 

PRIVELEGED AND CONFIDENTIAL – PREPARED AT THE REQUEST OF COUNSEL 
ATTORNEY-CLIENT PRIVELEGE AND/OR ATTORNEY WORK PRODUCT 

Proprietary Information Use or disclosure of data contained on this 

sheet is subject to the restriction on the title page of this document.   xvii 

Figure 212: Styrene Evaporation Rate – E-R-18 Layout – 25% Reacted; F2 Stability Class; 5 
psig and 210°F ................................................................................................................ 242 

Figure 213: Vapor Cloud Dispersion – PROPOSED Layout – 0% Reacted; D5 Stability Class; 
20 psig and 205°F ........................................................................................................... 244 

Figure 214: Vapor Cloud Dispersion – PROPOSED Layout – 0% Reacted; F2 Stability Class; 
20 psig and 205°F ........................................................................................................... 245 

Figure 215: Vapor Cloud Dispersion – PROPOSED Layout – 0% Reacted; D5 Stability Class; 5 
psig and 210°F ................................................................................................................ 246 

Figure 216: Vapor Cloud Dispersion – PROPOSED Layout – 0% Reacted; F2 Stability Class; 5 
psig and 210°F ................................................................................................................ 247 

Figure 217: Vapor Cloud Dispersion – PROPOSED Layout – 25% Reacted; D5 Stability Class; 
20 psig and 205°F ........................................................................................................... 248 

Figure 218: Vapor Cloud Dispersion – PROPOSED Layout – 25% Reacted; F2 Stability Class; 
20 psig and 205°F ........................................................................................................... 249 

Figure 219: Vapor Cloud Dispersion – PROPOSED Layout – 25% Reacted; D5 Stability Class; 
5 psig and 210°F ............................................................................................................. 250 

Figure 220: Vapor Cloud Dispersion – PROPOSED Layout – 25% Reacted; F2 Stability Class; 
5 psig and 210°F ............................................................................................................. 251 

Figure 221: Styrene Evaporation Rate – E-R-14 Layout – 0% Reacted; D5 Stability Class; 20 
psig and 205°F ................................................................................................................ 253 

Figure 222: Styrene Evaporation Rate – E-R-14 Layout – 0% Reacted; F2 Stability Class; 20 
psig and 205°F ................................................................................................................ 254 

Figure 223: Styrene Evaporation Rate – E-R-14 Layout – 0% Reacted; D5 Stability Class; 5 
psig and 210°F ................................................................................................................ 255 

Figure 224: Styrene Evaporation Rate – E-R-14 Layout – 0% Reacted; F2 Stability Class; 5 
psig and 210°F ................................................................................................................ 256 

Figure 225: Styrene Evaporation Rate – E-R-14 Layout – 25% Reacted; D5 Stability Class; 20 
psig and 205°F ................................................................................................................ 257 

Figure 226: Styrene Evaporation Rate – E-R-14 Layout – 25% Reacted; F2 Stability Class; 20 
psig and 205°F ................................................................................................................ 258 

Figure 227: Styrene Evaporation Rate – E-R-14 Layout – 25% Reacted; D5 Stability Class; 5 
psig and 210°F ................................................................................................................ 259 

FHRPRU003545



 

PRIVELEGED AND CONFIDENTIAL – PREPARED AT THE REQUEST OF COUNSEL 
ATTORNEY-CLIENT PRIVELEGE AND/OR ATTORNEY WORK PRODUCT 

Proprietary Information Use or disclosure of data contained on this 

sheet is subject to the restriction on the title page of this document.   xviii 

Figure 228: Styrene Evaporation Rate – E-R-14 Layout – 25% Reacted; F2 Stability Class; 5 
psig and 210°F ................................................................................................................ 260 

Figure 229: Styrene Evaporation Rate – E-R-15 Layout – 0% Reacted; D5 Stability Class; 20 
psig and 205°F ................................................................................................................ 262 

Figure 230: Styrene Evaporation Rate – E-R-15 Layout – 0% Reacted; F2 Stability Class; 20 
psig and 205°F ................................................................................................................ 263 

Figure 231: Styrene Evaporation Rate – E-R-15 Layout – 0% Reacted; D5 Stability Class; 5 
psig and 210°F ................................................................................................................ 264 

Figure 232: Styrene Evaporation Rate – E-R-15 Layout – 0% Reacted; F2 Stability Class; 5 
psig and 210°F ................................................................................................................ 265 

Figure 233: Styrene Evaporation Rate – E-R-15 Layout – 25% Reacted; D5 Stability Class; 20 
psig and 205°F ................................................................................................................ 266 

Figure 234: Styrene Evaporation Rate – E-R-15 Layout – 25% Reacted; F2 Stability Class; 20 
psig and 205°F ................................................................................................................ 267 

Figure 235: Styrene Evaporation Rate – E-R-15 Layout – 25% Reacted; D5 Stability Class; 5 
psig and 210°F ................................................................................................................ 268 

Figure 236: Styrene Evaporation Rate – E-R-15 Layout – 25% Reacted; F2 Stability Class; 5 
psig and 210°F ................................................................................................................ 269 

Figure 237: Styrene Evaporation Rate – E-R-16 Layout – 0% Reacted; D5 Stability Class; 20 
psig and 205°F ................................................................................................................ 271 

Figure 238: Styrene Evaporation Rate – E-R-16 Layout – 0% Reacted; F2 Stability Class; 20 
psig and 205°F ................................................................................................................ 272 

Figure 239: Styrene Evaporation Rate – E-R-16 Layout – 0% Reacted; D5 Stability Class; 5 
psig and 210°F ................................................................................................................ 273 

Figure 240: Styrene Evaporation Rate – E-R-16 Layout – 0% Reacted; F2 Stability Class; 5 
psig and 210°F ................................................................................................................ 274 

Figure 241: Styrene Evaporation Rate – E-R-16 Layout – 25% Reacted; D5 Stability Class; 20 
psig and 205°F ................................................................................................................ 275 

Figure 242: Styrene Evaporation Rate – E-R-16 Layout – 25% Reacted; F2 Stability Class; 20 
psig and 205°F ................................................................................................................ 276 

Figure 243: Styrene Evaporation Rate – E-R-16 Layout – 25% Reacted; D5 Stability Class; 5 
psig and 210°F ................................................................................................................ 277 

FHRPRU003546



 

PRIVELEGED AND CONFIDENTIAL – PREPARED AT THE REQUEST OF COUNSEL 
ATTORNEY-CLIENT PRIVELEGE AND/OR ATTORNEY WORK PRODUCT 

Proprietary Information Use or disclosure of data contained on this 

sheet is subject to the restriction on the title page of this document.   xix 

Figure 244: Styrene Evaporation Rate – E-R-16 Layout – 25% Reacted; F2 Stability Class; 5 
psig and 210°F ................................................................................................................ 278 

Figure 245: Styrene Evaporation Rate – E-R-17 Layout – 0% Reacted; D5 Stability Class; 20 
psig and 205°F ................................................................................................................ 280 

Figure 246: Styrene Evaporation Rate – E-R-17 Layout – 0% Reacted; F2 Stability Class; 20 
psig and 205°F ................................................................................................................ 281 

Figure 247: Styrene Evaporation Rate – E-R-17 Layout – 0% Reacted; D5 Stability Class; 5 
psig and 210°F ................................................................................................................ 282 

Figure 248: Styrene Evaporation Rate – E-R-17 Layout – 0% Reacted; F2 Stability Class; 5 
psig and 210°F ................................................................................................................ 283 

Figure 249: Styrene Evaporation Rate – E-R-17 Layout – 25% Reacted; D5 Stability Class; 20 
psig and 205°F ................................................................................................................ 284 

Figure 250: Styrene Evaporation Rate – E-R-17 Layout – 25% Reacted; F2 Stability Class; 20 
psig and 205°F ................................................................................................................ 285 

Figure 251: Styrene Evaporation Rate – E-R-17 Layout – 25% Reacted; D5 Stability Class; 5 
psig and 210°F ................................................................................................................ 286 

Figure 252: Styrene Evaporation Rate – E-R-17 Layout – 25% Reacted; F2 Stability Class; 5 
psig and 210°F ................................................................................................................ 287 

Figure 253: Styrene Evaporation Rate – E-R-18 Layout – 0% Reacted; D5 Stability Class; 20 
psig and 205°F ................................................................................................................ 289 

Figure 254: Styrene Evaporation Rate – E-R-18 Layout – 0% Reacted; F2 Stability Class; 20 
psig and 205°F ................................................................................................................ 290 

Figure 255: Styrene Evaporation Rate – E-R-18 Layout – 0% Reacted; D5 Stability Class; 5 
psig and 210°F ................................................................................................................ 291 

Figure 256: Styrene Evaporation Rate – E-R-18 Layout – 0% Reacted; F2 Stability Class; 5 
psig and 210°F ................................................................................................................ 292 

Figure 257: Styrene Evaporation Rate – E-R-18 Layout – 25% Reacted; D5 Stability Class; 20 
psig and 205°F ................................................................................................................ 293 

Figure 258: Styrene Evaporation Rate – E-R-18 Layout – 25% Reacted; F2 Stability Class; 20 
psig and 205°F ................................................................................................................ 294 

Figure 259: Styrene Evaporation Rate – E-R-18 Layout – 25% Reacted; D5 Stability Class; 5 
psig and 210°F ................................................................................................................ 295 

FHRPRU003547



 

PRIVELEGED AND CONFIDENTIAL – PREPARED AT THE REQUEST OF COUNSEL 
ATTORNEY-CLIENT PRIVELEGE AND/OR ATTORNEY WORK PRODUCT 

Proprietary Information Use or disclosure of data contained on this 

sheet is subject to the restriction on the title page of this document.   xx 

Figure 260: Styrene Evaporation Rate – E-R-18 Layout – 25% Reacted; F2 Stability Class; 5 
psig and 210°F ................................................................................................................ 296 

FHRPRU003548



 

PRIVELEGED AND CONFIDENTIAL – PREPARED AT THE REQUEST OF COUNSEL 
ATTORNEY-CLIENT PRIVELEGE AND/OR ATTORNEY WORK PRODUCT 

Proprietary Information Use or disclosure of data contained on this 

sheet is subject to the restriction on the title page of this document.   1 

Executive Summary 

At the request of Flint Hills Resources (FHR) Peru, Illinois Expandable Polystyrene (EPS) 

facility, ioMosaic evaluated the validity of redesigning the dump lines from the Building 4 

Reactors (E-R-14/15/16/17/18) to the containment pit on the south side of Building 4.  The 

primary objective of the evaluation was to determine if the redesigned piping will adequately 

flow the contents of the reactor to the containment pit and assess the trajectory of the liquid 

exiting the pipe to ensure the contents are contained within the pit in the event of an operator 

initiated or Safety Instrumented System (SIS) initiated dump. Additionally, FHR requested that 

the current dump lines from Reactors 14, 15, 16, 17, and 18 to the containment pit be modeled 

to provide a basis of comparison to the proposed redesigned piping. 

The original dump line design routes the reactor contents to the building exterior, approximately 

18 ft above grade, with the end segment directed down toward the pit at either a 30° or 45° 

angle.  The piping redesign evaluated by ioMosaic includes replacing the 30° or 45° elbow with 

a 90° elbow and approximately 10 ft of NPS 14 pipe oriented vertically down toward the pit, 

expanded to NPS 20 with an additional 8 ft of pipe to the top of the containment pit.  A 45° 

elbow is fitted to the end of the pipe. Refer to Appendix A for the piping layout details. 

Two dump cases were considered at the request of FHR: the dump initiated with reactor 

contents at (1) 205°F and 20 psig and (2) 210°F and 5 psig.  The evaluation was performed at 

multiple stages throughout the reaction, using the recipe for product 5454 as a basis; the five 

stages considered were (1) 0% of the styrene reacted, (2) 25% mass of styrene reacted to 

polystyrene, (3) 50% reacted, (4) 75% reacted, and (5) 100% of the initial mass of styrene 

reacted to polystyrene.   

FHR is in the process of designing and implementing a foam spray system to cover the 

containment pit following a reactor dump. Based on guidance from FHR personnel, the foam 

spray system is expected to be initiated within 5 minutes of a reactor dump. With this 

information, the liquid pool resulting from a reactor dump to the containment pit was evaluated.  

The liquid pool was used to evaluate the liquid level in the containment pit following a reactor 

dump; additionally, the evaporation rate of styrene and the resulting vapor cloud from the 

release were modeled for two stability classes: (1) D5 and (2) F2.  The vapor cloud was 

conservatively evaluated at 10 minutes following the release.  Refer to Appendices B through Y 

for results of all cases evaluated.   

It is recommended to install the proposed dump line piping to work in tandem with the foam 

spray system as a short term design with consideration for a long term solution of a quench or 

containment vessel designed to adequately handle emergency effluent from the reactors. 
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Introduction 

Purpose of Study 

At the request of Flint Hills Resources (FHR) Peru, Illinois Expandable Polystyrene (EPS) 

facility, ioMosaic evaluated the validity of redesigning the dump lines from the Building 4 

Reactors (E-R-14/15/16/17/18) to the containment pit on the south side of Building 4.  The 

primary objective of the evaluation was to determine if the redesigned piping will adequately 

flow the contents of the reactor to the containment pit and assess the trajectory of the liquid 

exiting the pipe to ensure the contents are contained within the pit in the event of an operator 

initiated or Safety Instrumented System (SIS) initiated dump.  Additionally, FHR requested that 

the current dump lines from Reactors 14, 15, 16, 17, and 18 to the containment pit be modeled 

to provide a basis of comparison to the proposed redesigned piping. 

Study Scope 

The scope of this study includes the dump lines of Reactors 14, 15, 16, 17, and 18 within 

Building 4 to the containment pit located outside of Building 4, on the south side.   

Process Description 

Reactors 14, 15, 16, 17, and 18 are located within Building 4.  They are operated under a semi-

batch process to convert styrene monomer to expandable polystyrene (EPS) beads using 

suspension polymerization techniques.   

Multiple safeguards are in place surrounding the reactors, including an emergency dump line 

from the reactor bottom that is routed outside of Building 4 to the containment pit.  The dump 

lines are controlled by a sliding gate valve that may be opened either by operator control or the 

Safety Instrumented System (SIS).   

Upon initiation of a reactor's contents being dumped to the containment pit, the slide gate on 

the reactor bottoms line opens, and the reactor contents travel from the reactor through the 

NPS 8 bottom nozzle which is expanded to NPS 10 upstream of the slide gate valve, expanded 

again to NPS 14 downstream of the valve, and released to the atmosphere outside of Building 

4 approximately 18 feet above grade at an angle of either 45° (Reactors 14, 15, and 18) or 30° 

(Reactors 16 and 17), directed toward the containment pit.  Refer to Appendix A for piping 

layout details.   

FHRPRU003550



 

PRIVELEGED AND CONFIDENTIAL – PREPARED AT THE REQUEST OF COUNSEL 
ATTORNEY-CLIENT PRIVELEGE AND/OR ATTORNEY WORK PRODUCT 

Proprietary Information Use or disclosure of data contained on this 

sheet is subject to the restriction on the title page of this document.   3 

Approach 

FHR supplied ioMosaic with information needed to perform the analysis, including the piping 

layout details for the reactor dump lines to the pit for all five reactors (E-R-14/15/16/17/18), the 

containment pit dimensions, and the recipe, energy balance, and reaction details for product 

5454, which is the product evaluated per guidance from FHR personnel.  As the reactor 

systems are within the scope of the planned emergency relief systems (ERS) evaluation, the 

reactor details were already in ioMosaic's possession.   

Two dump cases were considered at the request of FHR: the dump initiated with reactor 

contents at (1) 205°F and 20 psig and (2) 210°F and 5 psig.  The evaluation was performed at 

multiple stages throughout the reaction, using the recipe for product 5454 as a basis; the five 

stages considered were (1) 0% of the styrene reacted, (2) 25% mass of styrene reacted to 

polystyrene, (3) 50% reacted, (4) 75% reacted, and (5) 100% of the initial mass of styrene 

reacted to polystyrene.   

The conditions listed above were evaluated for the liquid trajectory from the exit of the dump 

line piping into the pit to ensure that the liquid released is contained within the pit.  In addition to 

evaluating the currently installed reactor lines to pit, FHR requested that a proposed piping 

redesign be evaluated for the liquid trajectory.   

The piping redesign evaluated by ioMosaic includes the current reactor dump lines up to the 

30° or 45° elbow at the end of the piping.  The end elbow was replaced with a 90° elbow and 

approximately 10 ft of NPS 14 pipe oriented vertically down toward the pit, expanded to NPS 

20, and extended an additional 8 ft to the top of the containment pit.  A 45° elbow is fitted to the 

end of the pipe. Refer to Appendix A for the piping layout details. 

FHR is in the process of designing and implementing a foam spray system to cover the 

containment pit following a reactor dump. Based on guidance from FHR personnel, the foam 

spray system is expected to be initiated within 5 minutes of a reactor dump. With this 

information, the liquid pool resulting from a reactor dump to the containment pit was evaluated 

in addition to the liquid trajectory exiting the pipe following a release.  The liquid pool was used 

to evaluate the liquid level in the containment pit following a reactor dump; additionally, the 

evaporation rate of styrene and the resulting vapor cloud from the release were modeled.   

Two stability classes were considered in the dispersion analysis: (1) D5 at 5 m/s (16.40 ft/s) 

and (2) F2 at 2 m/s (6.56 ft/s) wind speeds.  The vapor cloud was conservatively evaluated at 

10 minutes following the release.  A 10 minute dispersion duration is conservative because the 

foam is expected to actuate instantaneously and no later than 5 minutes post-release. 
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Results 

For each piping layout considered (E-R-14/15/16/17/18 dump line to pit and the proposed 

dump line piping redesign), four graphical results are reported: (1) jet trajectory, (2) liquid pool 

depth, (3) styrene evaporation rate, and (4) styrene vapor cloud dispersion.   

The results for the jet trajectory are reported in Appendices B through G.  Each piping layout 

considers reactor conditions of (1) 20 psig and 205°F and (2) 5 psig and 210°F at 0% styrene 

reacted, 25% reacted, 50% reacted, 75% reacted, and 100% reacted for stability classes D5 

and F2. 

The results for the liquid pool depth are shown in Appendices H through M.  Results for the 

styrene evaporation rate are listed in Appendices N through S, and results for styrene vapor 

cloud dispersion are shown in Appendices T through Y.  Each piping layout considers reactor 

conditions of (1) 20 psig and 205°F and (2) 5 psig and 210°F for stability classes D5 and F2.  

As the styrene evaporation rate and styrene vapor cloud are the areas of interest, these results 

were evaluated at 0% and 25% of the initial mass of styrene reacted as less styrene is present 

the further along the reaction is. 

The liquid trajectory worst case results for each piping layout system evaluated are listed in 

Table 1 below.  The associated figures for each case are referenced within the table and 

available in Appendices B through Y.   

 

Table 1: Jet Trajectory – Worst Case – 0% Reacted; 20 psig and 205°F 

Piping Layout Release Angle Max Downwind 

Distance, ft 

Stability Class Figure 

Reference 

Proposed Layout 45° 0.24 F2 Figure 1 

From E-R-14 45° 3.68 D5 Figure 18 

From E-R-15 45° 3.70 D5 Figure 38 

FHRPRU003552



 

PRIVELEGED AND CONFIDENTIAL – PREPARED AT THE REQUEST OF COUNSEL 
ATTORNEY-CLIENT PRIVELEGE AND/OR ATTORNEY WORK PRODUCT 

Proprietary Information Use or disclosure of data contained on this 

sheet is subject to the restriction on the title page of this document.   5 

Piping Layout Release Angle Max Downwind 

Distance, ft 

Stability Class Figure 

Reference 

From E-R-16 30° 3.07 D5 Figure 58 

From E-R-17 30° 3.07 D5 Figure 78 

From E-R-18 45° 3.68 D5 Figure 98 

 

The liquid pool depth for all layouts and cases considered was less than 0.5 ft, which is 

significantly less than the containment pit depth of approximately 4.5 ft below grade.  Based on 

guidance from FHR personnel, the containment pit has the capacity to hold up to six reactor 

contents with no more than three reactor contents in the pit at any one time.  Therefore, 

overfilling of the pit is not expected.   

The worst case styrene evaporation rate for piping configurations evaluated was for the 

scenario considering 0% of the styrene reacted for the D5 stability class and 5 psig and 210°F 

in the reactor.  The peak styrene evaporation rate for each of these cases is 37.6 lb/min.  Refer 

to Figure 167, Figure 175, Figure 183, Figure 191, and Figure 199 for the graphical results for 

the proposed redesign, E-R-14, E-R-15, E-R-16, E-R-17, and E-R-18 layout configurations, 

respectively.   

For all piping configurations considered, the worst case for the styrene vapor cloud dispersion 

was evaluated at 0% styrene reacted, F2 stability class, and 20 psig at 205°F in the reactor.  

The footprint with the concentration levels equal to ERPG-1, 2, and 3 (50 ppm, 250 ppm, and 

1000 ppm, respectively) are shown below.   
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Figure 214: Vapor Cloud Dispersion – PROPOSED Layout – 0% Reacted; F2 Stability 
Class; 20 psig and 205°F 
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Figure 222: Styrene Evaporation Rate – E-R-14 Layout – 0% Reacted; F2 Stability Class; 
20 psig and 205°F 
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Figure 230: Styrene Evaporation Rate – E-R-15 Layout – 0% Reacted; F2 Stability Class; 
20 psig and 205°F 
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Figure 238: Styrene Evaporation Rate – E-R-16 Layout – 0% Reacted; F2 Stability Class; 
20 psig and 205°F 

 

 

 

DOWNWIND DISTANCE. ft

0 900 1800 2700 3600 4500

C
R

O
S

S
W

IN
D

 D
IS

T
A

N
C

E
. 
ft

-245

-127

-9

109

227

345

FOOTPRINT TO USER SPECIFIED CONCENTRATION LIMITS

                                        FOOTPRINT TO 50 PPM, 1.23435E+006 ft2

                                        FOOTPRINT TO 250 PPM, 724651 ft2

                                        FOOTPRINT TO 1000 PPM, 143975 ft2

FHRPRU003557



 

PRIVELEGED AND CONFIDENTIAL – PREPARED AT THE REQUEST OF COUNSEL 
ATTORNEY-CLIENT PRIVELEGE AND/OR ATTORNEY WORK PRODUCT 

Proprietary Information Use or disclosure of data contained on this 

sheet is subject to the restriction on the title page of this document.   10 

Figure 246: Styrene Evaporation Rate – E-R-17 Layout – 0% Reacted; F2 Stability Class; 
20 psig and 205°F 

 

 

DOWNWIND DISTANCE. ft

0 900 1800 2700 3600 4500

C
R

O
S

S
W

IN
D

 D
IS

T
A

N
C

E
. 
ft

-245

-127

-9

109

227

345

FOOTPRINT TO USER SPECIFIED CONCENTRATION LIMITS

                                        FOOTPRINT TO 50 PPM, 1.23399E+006 ft2

                                        FOOTPRINT TO 250 PPM, 724383 ft2

                                        FOOTPRINT TO 1000 PPM, 143875 ft2

FHRPRU003558



 

PRIVELEGED AND CONFIDENTIAL – PREPARED AT THE REQUEST OF COUNSEL 
ATTORNEY-CLIENT PRIVELEGE AND/OR ATTORNEY WORK PRODUCT 

Proprietary Information Use or disclosure of data contained on this 

sheet is subject to the restriction on the title page of this document.   11 

Figure 254: Styrene Evaporation Rate – E-R-18 Layout – 0% Reacted; F2 Stability Class; 
20 psig and 205°F 
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Appendix A:  Piping Layouts and Pit Dimensions 
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PROPOSED RXR DUMP TO PIT
SECTION: 1.1 Proposed Dump Line to Pit
PID/PFD Reference E1F014-3

Number of segments 11
Number of rupture disks 0
Number of relief valves 0

Approximate total piping flow resistance using 2K method2910/NRe + 2.9 + 1.4/ID

Total piping mass.   lb 1913.432
Total piping volume. ft3 37.940
Total piping length. ft 36.980

1st piping segment elevation relative to vessel bottom. ft0.000 <<< All segment elevations are reported with respect to vessel bottom.

Piping Node Name Node Type Start
Elevation.

ft

End
Elevation.

ft

Length. ft Flow area.
in2

Flow
diameter. ft

Angle. Deg Flow Solver

14.DUMP.00 Segment 0.000 0.000 0.500 50.027 0.665 0.00 Normal
14.DUMP.01 Segment 0.000 0.000 1.583 50.027 0.665 0.00 Normal
14.DUMP.02-EXP Expander 0.000 0.000 1.016 78.854 0.835 0.00
14.DUMP.03 Segment 0.000 0.000 0.781 78.854 0.835 0.00 Normal
14.DUMP.04 Segment 0.000 0.000 2.167 78.854 0.835 0.00 Normal
14.DUMP.05-EXP Expander 0.000 0.000 1.083 137.886 1.104 0.00
PROPOSED.DUMP.06 Segment 0.000 0.000 11.751 137.886 1.104 0.00 Normal
PROPOSED.DUMP.07 Segment 0.000 -8.333 8.333 137.886 1.104 -90.00 Normal
PROPOSED.DUMP.08-EXP Expander -8.333 -10.000 1.667 291.039 1.604 -90.00
PROPOSED.DUMP.09 Segment -10.000 -18.000 8.000 291.039 1.604 -90.00 Normal
PROPOSED.DUMP.10 Segment -18.000 -18.071 0.100 291.039 1.604 -45.00 Normal
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E-R-14 DUMP TO PIT
SECTION: 1.2 E-R-14 Dump Line to Pit
PID/PFD Reference E1F014-3

Number of segments 8
Number of rupture disks 0
Number of relief valves 0

Approximate total piping flow resistance using 2K method2110/NRe + 2.7 + 1.2/ID

Total piping mass.   lb 893.737
Total piping volume. ft3 14.867
Total piping length. ft 20.214

1st piping segment elevation relative to vessel bottom. ft0.000 <<< All segment elevations are reported with respect to vessel bottom.

Piping Node Name Node Type Start
Elevation.

ft

End
Elevation.

ft

Length. ft Flow area.
in2

Flow
diameter. ft

Angle. Deg Flow Solver

14.DUMP.00 Segment 0 0.000 0.500 50.027 0.665 0.00 Normal
14.DUMP.01 Segment 0 0.000 1.583 50.027 0.665 0.00 Normal
14.DUMP.02-EXP Expander 0 0.000 1.016 78.854 0.835 0.00
14.DUMP.03 Segment 0 0.000 0.781 78.854 0.835 0.00 Normal
14.DUMP.04 Segment 0 0.000 2.167 78.854 0.835 0.00 Normal
14.DUMP.05-EXP Expander 0 0.000 1.083 137.886 1.104 0.00
14.DUMP.06 Segment 0 0.000 11.751 137.886 1.104 0.00 Normal
14.DUMP.07 Segment 0 -0.943 1.333 137.886 1.104 -45.00 Normal
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E-R-15 DUMP TO PIT
SECTION: 1.3 E-R-15 Emergency Dump to Pit
PID/PFD Reference E1F015-03

Number of segments 8
Number of rupture disks 0
Number of relief valves 0

Approximate total piping flow resistance using 2K method2110/NRe + 2.7 + 1.2/ID

Total piping mass.   lb 642.057
Total piping volume. ft3 10.448
Total piping length. ft 15.652

1st piping segment elevation relative to vessel bottom. ft0.000 <<< All segment elevations are reported with respect to vessel bottom.

Piping Node Name Node Type Start
Elevation.

ft

End
Elevation.

ft

Length. ft Flow area.
in2

Flow
diameter. ft

Angle. Deg Flow Solver

15.DUMP.00 Segment 0 0.000 0.500 50.027 0.665 0.00 Normal
15.DUMP.01 Segment 0 0.000 1.625 50.027 0.665 0.00 Normal
15.DUMP.02-EXP Expander 0 0.000 1.042 78.854 0.835 0.00
15.DUMP.03 Segment 0 0.000 0.688 78.854 0.835 0.00 Normal
15.DUMP.04 Segment 0 0.000 2.260 78.854 0.835 0.00 Normal
15.DUMP.05-EXP Expander 0 0.000 1.083 137.886 1.104 0.00
15.DUMP.06 Segment 0 0.000 8.355 137.886 1.104 0.00 Normal
15.DUMP.07 Segment 0 -0.071 0.100 137.886 1.104 -45.00 Normal
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E-R-16 DUMP TO PIT
SECTION: 1.4 E-R-16 Emergency Dump to Pit
PID/PFD Reference E1F016-03

Number of segments 8
Number of rupture disks 0
Number of relief valves 0

Approximate total piping flow resistance using 2K method2110/NRe + 2.7 + 1.2/ID

Total piping mass.   lb 742.240
Total piping volume. ft3 12.252
Total piping length. ft 17.406

1st piping segment elevation relative to vessel bottom. ft0.000 <<< All segment elevations are reported with respect to vessel bottom.

Piping Node Name Node Type Start
Elevation.

ft

End
Elevation.

ft

Length. ft Flow area.
in2

Flow
diameter. ft

Angle. Deg Flow Solver

16.DUMP.00 Segment 0 0.000 0.500 50.027 0.665 0.00 Normal
16.DUMP.01 Segment 0 0.000 1.604 50.027 0.665 0.00 Normal
16.DUMP.02-EXP Expander 0 0.000 1.042 78.854 0.835 0.00
16.DUMP.03 Segment 0 0.000 0.708 78.854 0.835 0.00 Normal
16.DUMP.04 Segment 0 0.000 1.969 78.854 0.835 0.00 Normal
16.DUMP.05-EXP Expander 0 0.000 1.083 137.886 1.104 0.00
16.DUMP.06 Segment 0 0.000 9.167 137.886 1.104 0.00 Normal
16.DUMP.07 Segment 0 -0.667 1.333 137.886 1.104 -30.00 Normal
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E-R-17 DUMP TO PIT
SECTION: 1.5 E-R-17 Emergency Dump to Pit
PID/PFD Reference E1F017-03

Number of segments 8
Number of rupture disks 0
Number of relief valves 0

Approximate total piping flow resistance using 2K method2110/NRe + 2.7 + 1.2/ID

Total piping mass.   lb 741.393
Total piping volume. ft3 12.161
Total piping length. ft 17.479

1st piping segment elevation relative to vessel bottom. ft0.000 <<< All segment elevations are reported with respect to vessel bottom.

Piping Node Name Node Type Start
Elevation.

ft

End
Elevation.

ft

Length. ft Flow area.
in2

Flow
diameter. ft

Angle. Deg Flow Solver

17.DUMP.00 Segment 0 0.000 0.500 50.027 0.665 0.00 Normal
17.DUMP.01 Segment 0 0.000 1.646 50.027 0.665 0.00 Normal
17.DUMP.02-EXP Expander 0 0.000 1.000 78.854 0.835 0.00
17.DUMP.03 Segment 0 0.000 0.729 78.854 0.835 0.00 Normal
17.DUMP.04 Segment 0 0.000 2.375 78.854 0.835 0.00 Normal
17.DUMP.05-EXP Expander 0 0.000 1.083 137.886 1.104 0.00
17.DUMP.06 Segment 0 0.000 8.813 137.886 1.104 0.00 Normal
17.DUMP.07 Segment 0 -0.667 1.333 137.886 1.104 -30.00 Normal
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E-R-18 DUMP TO PIT
SECTION: 1.6 E-R-18 Emergency Dump to Pit
PID/PFD Reference E1F018-03

Number of segments 8
Number of rupture disks 0
Number of relief valves 0

Approximate total piping flow resistance using 2K method2110/NRe + 2.7 + 1.2/ID

Total piping mass.   lb 623.831
Total piping volume. ft3 10.052
Total piping length. ft 15.396

1st piping segment elevation relative to vessel bottom. ft0.000 <<< All segment elevations are reported with respect to vessel bottom.

Piping Node Name Node Type Start
Elevation.

ft

End
Elevation.

ft

Length. ft Flow area.
in2

Flow
diameter. ft

Angle. Deg Flow Solver

18.DUMP.00 Segment 0 0.000 0.500 50.027 0.665 0.00 Normal
18.DUMP.01 Segment 0 0.000 1.521 50.027 0.665 0.00 Normal
18.DUMP.02-EXP Expander 0 0.000 1.021 78.854 0.835 0.00
18.DUMP.03 Segment 0 0.000 0.708 78.854 0.835 0.00 Normal
18.DUMP.04 Segment 0 0.000 2.813 78.854 0.835 0.00 Normal
18.DUMP.05-EXP Expander 0 0.000 1.083 137.886 1.104 0.00
18.DUMP.06 Segment 0 0.000 6.417 137.886 1.104 0.00 Normal
18.DUMP.07 Segment 0 -0.943 1.333 137.886 1.104 -45.00 Normal
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Piping Segment Name TAG Reference Material OD. ft ID. ft Length.
ft

Angle K1 Kinf Kid Roughness
. ft

14.DUMP.00 NA NA STEEL 0.719 0.665 0.500 0.000 160.000 0.500 0.000 0.000500
14.DUMP.01 NA NA STEEL 0.719 0.665 1.583 0.000 800.000 0.400 0.400 0.000500
14.DUMP.03 NA NA STEEL 0.896 0.835 0.781 0.000 500.000 0.150 0.150 0.000500
14.DUMP.04 NA NA STEEL 0.896 0.835 2.167 0.000 150.000 0.500 0.500 0.000500
14.DUMP.06 NA NA STEEL 1.167 1.104 11.751 0.000 500.000 0.150 0.150 0.000500
14.DUMP.07 NA NA STEEL 1.167 1.104 1.333 -45.000 0.000 1.000 0.000 0.000500
15.DUMP.00 NA NA STEEL 0.719 0.665 0.500 0.000 160.000 0.500 0.000 0.000500
15.DUMP.01 NA NA STEEL 0.719 0.665 1.625 0.000 800.000 0.400 0.400 0.000500
15.DUMP.03 NA NA STEEL 0.896 0.835 0.688 0.000 500.000 0.150 0.150 0.000500
15.DUMP.04 NA NA STEEL 0.896 0.835 2.260 0.000 150.000 0.500 0.500 0.000500
15.DUMP.06 NA NA STEEL 1.167 1.104 8.355 0.000 500.000 0.150 0.150 0.000500
15.DUMP.07 NA NA STEEL 1.167 1.104 0.100 -45.000 0.000 1.000 0.000 0.000500
16.DUMP.00 NA NA STEEL 0.719 0.665 0.500 0.000 160.000 0.500 0.000 0.000500
16.DUMP.01 NA NA STEEL 0.719 0.665 1.604 0.000 800.000 0.400 0.400 0.000500
16.DUMP.03 NA NA STEEL 0.896 0.835 0.708 0.000 500.000 0.150 0.150 0.000500
16.DUMP.04 NA NA STEEL 0.896 0.835 1.969 0.000 150.000 0.500 0.500 0.000500
16.DUMP.06 NA NA STEEL 1.167 1.104 9.167 0.000 500.000 0.150 0.150 0.000500
16.DUMP.07 NA NA STEEL 1.167 1.104 1.333 -30.000 0.000 1.000 0.000 0.000500
17.DUMP.00 NA NA STEEL 0.719 0.665 0.500 0.000 160.000 0.500 0.000 0.000500
17.DUMP.01 NA NA STEEL 0.719 0.665 1.646 0.000 800.000 0.400 0.400 0.000500
17.DUMP.03 NA NA STEEL 0.896 0.835 0.729 0.000 500.000 0.150 0.150 0.000500
17.DUMP.04 NA NA STEEL 0.896 0.835 2.375 0.000 150.000 0.500 0.500 0.000500
17.DUMP.06 NA NA STEEL 1.167 1.104 8.813 0.000 500.000 0.150 0.150 0.000500
17.DUMP.07 NA NA STEEL 1.167 1.104 1.333 -30.000 0.000 1.000 0.000 0.000500
18.DUMP.00 NA NA STEEL 0.719 0.665 0.500 0.000 160.000 0.500 0.000 0.000500
18.DUMP.01 NA NA STEEL 0.719 0.665 1.521 0.000 800.000 0.400 0.400 0.000500
18.DUMP.03 NA NA STEEL 0.896 0.835 0.708 0.000 500.000 0.150 0.150 0.000500
18.DUMP.04 NA NA STEEL 0.896 0.835 2.813 0.000 150.000 0.500 0.500 0.000500
18.DUMP.06 NA NA STEEL 1.167 1.104 6.417 0.000 500.000 0.150 0.150 0.000500
18.DUMP.07 NA NA STEEL 1.167 1.104 1.333 -45.000 0.000 1.000 0.000 0.000500
PROPOSED.DUMP.06 NA NA STEEL 1.167 1.104 11.751 0.000 800.000 0.200 0.200 0.000500
PROPOSED.DUMP.07 NA NA STEEL 1.167 1.104 8.333 -90.000 0.000 0.000 0.000 0.000500
PROPOSED.DUMP.09 NA NA STEEL 1.667 1.604 8.000 -90.000 500.000 0.150 0.150 0.000500
PROPOSED.DUMP.10 NA NA STEEL 1.667 1.604 0.100 -45.000 0.000 1.000 0.000 0.000500
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Fittings Summary Fitting Type K1 Kinf Kid Number
14.DUMP.00 Entrance 160 0.5 0 1

14.DUMP.01 Tee used as elbow, long radius, threaded 800 0.4 0.4 1

14.DUMP.03 45 deg elbow, long radius (R/D=1.5), all types 500 0.15 0.15 1

14.DUMP.04 Tee, run through, flanged/welded 150 0.5 0.5 1

14.DUMP.06 45 deg elbow, long radius (R/D=1.5), all types 500 0.15 0.15 1

14.DUMP.07 Exit 0 1 0 1

15.DUMP.00 Entrance 160 0.5 0 1

15.DUMP.01 Tee used as elbow, long radius, threaded 800 0.4 0.4 1

15.DUMP.03 45 deg elbow, long radius (R/D=1.5), all types 500 0.15 0.15 1

15.DUMP.04 Tee, run through, flanged/welded 150 0.5 0.5 1

15.DUMP.06 45 deg elbow, long radius (R/D=1.5), all types 500 0.15 0.15 1

15.DUMP.07 Exit 0 1 0 1

16.DUMP.00 Entrance 160 0.5 0 1

16.DUMP.01 Tee used as elbow, long radius, threaded 800 0.4 0.4 1

16.DUMP.03 45 deg elbow, long radius (R/D=1.5), all types 500 0.15 0.15 1

16.DUMP.04 Tee, run through, flanged/welded 150 0.5 0.5 1

16.DUMP.06 45 deg elbow, long radius (R/D=1.5), all types 500 0.15 0.15 1

16.DUMP.07 Exit 0 1 0 1

17.DUMP.00 Entrance 160 0.5 0 1

17.DUMP.01 Tee used as elbow, long radius, threaded 800 0.4 0.4 1

17.DUMP.03 45 deg elbow, long radius (R/D=1.5), all types 500 0.15 0.15 1

17.DUMP.04 Tee, run through, flanged/welded 150 0.5 0.5 1

17.DUMP.06 45 deg elbow, long radius (R/D=1.5), all types 500 0.15 0.15 1

17.DUMP.07 Exit 0 1 0 1

18.DUMP.00 Entrance 160 0.5 0 1

18.DUMP.01 Tee used as elbow, long radius, threaded 800 0.4 0.4 1

18.DUMP.03 45 deg elbow, long radius (R/D=1.5), all types 500 0.15 0.15 1

18.DUMP.04 Tee, run through, flanged/welded 150 0.5 0.5 1

18.DUMP.06 45 deg elbow, long radius (R/D=1.5), all types 500 0.15 0.15 1

18.DUMP.07 Exit 0 1 0 1
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PROPOSED.DUMP.06 90 deg elbow, long-radius (R/D=1.5), all types 800 0.2 0.2 1

PROPOSED.DUMP.09 45 deg elbow, long radius (R/D=1.5), all types 500 0.15 0.15 1

PROPOSED.DUMP.10 Exit 0 1 0 1
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Reducer Name Material Inlet
Diameter. ft

Exit
Diameter. ft

Length.
ft

Angle Roughness
. ft

14.DUMP.02-EXP STEEL 0.665 0.835 1.016 0.000 0.000500
14.DUMP.05-EXP STEEL 0.835 1.104 1.083 0.000 0.000500
15.DUMP.02-EXP STEEL 0.665 0.835 1.042 0.000 0.000500
15.DUMP.05-EXP STEEL 0.835 1.104 1.083 0.000 0.000500
16.DUMP.02-EXP STEEL 0.665 0.835 1.042 0.000 0.000500
16.DUMP.05-EXP STEEL 0.835 1.104 1.083 0.000 0.000500
17.DUMP.02-EXP STEEL 0.665 0.835 1.000 0.000 0.000500
17.DUMP.05-EXP STEEL 0.835 1.104 1.083 0.000 0.000500
18.DUMP.02-EXP STEEL 0.665 0.835 1.021 0.000 0.000500
18.DUMP.05-EXP STEEL 0.835 1.104 1.083 0.000 0.000500
PROPOSED.DUMP.08-
EXP

STEEL 1.104 1.604 1.667 -90.000 0.000500
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Appendix B:  Results – PROPOSED Piping Layout to Pit – Liquid 
Release Jet Profile  
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Figure 1: Liquid Release Jet Profile – Proposed Layout – 0% Reacted; D5 Stability Class; 
20 psig and 205°F 
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Figure 2: Liquid Release Jet Profile – Proposed Layout – 0% Reacted; F2 Stability Class; 
20 psig and 205°F 
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Figure 3: Liquid Release Jet Profile – Proposed Layout – 0% Reacted; D5 Stability Class; 
5 psig and 210°F 
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Figure 4: Liquid Release Jet Profile – Proposed Layout – 0% Reacted; F2 Stability Class; 
5 psig and 210°F 
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Figure 5: Liquid Release Jet Profile – Proposed Layout – 25% Reacted; D5 Stability 
Class; 20 psig and 205°F 
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Figure 6: Liquid Release Jet Profile – Proposed Layout – 25% Reacted; F2 Stability 
Class; 20 psig and 205°F 
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Figure 7: Liquid Release Jet Profile – Proposed Layout – 25% Reacted; D5 Stability 
Class; 5 psig and 210°F 
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Figure 8: Liquid Release Jet Profile – Proposed Layout – 25% Reacted; F2 Stability 
Class; 5 psig and 210°F 
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Figure 9: Liquid Release Jet Profile – Proposed Layout – 50% Reacted; D5 Stability 
Class; 20 psig and 205°F 
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Figure 10: Liquid Release Jet Profile – Proposed Layout – 50% Reacted; F2 Stability 
Class; 5 psig and 210°F 
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Figure 11: Liquid Release Jet Profile – Proposed Layout – 75% Reacted; F2 Stability 
Class; 20 psig and 205°F 
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Figure 12: Liquid Release Jet Profile – Proposed Layout – 75% Reacted; F2 Stability 
Class; 5 psig and 210°F 
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Figure 13: Liquid Release Jet Profile – Proposed Layout – 100% Reacted; D5 Stability 
Class; 20 psig and 205°F 
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Figure 14: Liquid Release Jet Profile – Proposed Layout – 100% Reacted; F2 Stability 
Class; 20 psig and 205°F 
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Figure 15: Liquid Release Jet Profile – Proposed Layout – 100% Reacted; D5 Stability 
Class; 5 psig and 210°F 
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Figure 16: Liquid Release Jet Profile – Proposed Layout – 100% Reacted; F2 Stability 
Class; 5 psig and 210°F 

 

 

JET DOWNWIND DISTANCE. ft

0.18 0.19 0.21 0.22 0.24 0.25

J
E

T
 E

L
E

V
A

T
IO

N
. 
ft

0.00

1.00

2.00

3.00

4.00

5.00

JET PROFILE

                                      LIQUID DROPLETS TRAJECTORY

FHRPRU003597



 

PRIVELEGED AND CONFIDENTIAL – PREPARED AT THE REQUEST OF COUNSEL 
ATTORNEY-CLIENT PRIVELEGE AND/OR ATTORNEY WORK PRODUCT 

 

Appendix C:  Results – E-R-14 Piping Layout to Pit – Liquid Release 
Jet Profile 
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Figure 17: Liquid Release Jet Profile – E-R-14 Layout – 0% Reacted; D5 Stability Class; 
20 psig and 205°F 
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Figure 18: Liquid Release Jet Profile – E-R-14 Layout – 0% Reacted; F2 Stability Class; 
20 psig and 205°F 
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Figure 19: Liquid Release Jet Profile – E-R-14 Layout – 0% Reacted; D5 Stability Class; 5 
psig and 210°F 
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Figure 20: Liquid Release Jet Profile – E-R-14 Layout – 0% Reacted; F2 Stability Class; 5 
psig and 210°F 
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Figure 21: Liquid Release Jet Profile – E-R-14 Layout – 25% Reacted; D5 Stability Class; 
20 psig and 205°F 
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Figure 22: Liquid Release Jet Profile – E-R-14 Layout – 25% Reacted; F2 Stability Class; 
20 psig and 205°F 
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Figure 23: Liquid Release Jet Profile – E-R-14 Layout – 25% Reacted; D5 Stability Class; 
5 psig and 210°F 
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Figure 24: Liquid Release Jet Profile – E-R-14 Layout – 25% Reacted; F2 Stability Class; 
5 psig and 210°F 
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Figure 25: Liquid Release Jet Profile – E-R-14 Layout – 50% Reacted; D5 Stability Class; 
20 psig and 205°F 
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Figure 26: Liquid Release Jet Profile – E-R-14 Layout – 50% Reacted; F2 Stability Class; 
20 psig and 205°F 
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Figure 27: Liquid Release Jet Profile – E-R-14 Layout – 50% Reacted; D5 Stability Class; 
5 psig and 210°F 
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Figure 28: Liquid Release Jet Profile – E-R-14 Layout – 50% Reacted; F2 Stability Class; 
5 psig and 210°F 
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Figure 29: Liquid Release Jet Profile – E-R-14 Layout – 75% Reacted; D5 Stability Class; 
20 psig and 205°F 
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Figure 30: Liquid Release Jet Profile – E-R-14 Layout – 75% Reacted; F2 Stability Class; 
20 psig and 205°F 
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Figure 31: Liquid Release Jet Profile – E-R-14 Layout – 75% Reacted; D5 Stability Class; 
5 psig and 210°F 
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Figure 32: Liquid Release Jet Profile – E-R-14 Layout – 75% Reacted; F2 Stability Class; 
5 psig and 210°F 
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Figure 33: Liquid Release Jet Profile – E-R-14 Layout – 100% Reacted; D5 Stability 
Class; 20 psig and 205°F 
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Figure 34: Liquid Release Jet Profile – E-R-14 Layout – 100% Reacted; F2 Stability Class; 
20 psig and 205°F 

 
JET DOWNWIND DISTANCE. ft

0.00 0.20 0.40 0.60 0.80 1.00

J
E

T
 E

L
E

V
A

T
IO

N
. 
ft

0.00

5.00

10.00

15.00

20.00

25.00

JET PROFILE

                                        LIQUID DROPLETS TRAJECTORY

FHRPRU003616





 

PRIVELEGED AND CONFIDENTIAL – PREPARED AT THE REQUEST OF COUNSEL 
ATTORNEY-CLIENT PRIVELEGE AND/OR ATTORNEY WORK PRODUCT 

 

Figure 36: Liquid Release Jet Profile – E-R-14 Layout – 100% Reacted; F2 Stability Class; 
5 psig and 210°F 
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Appendix D:  Results – E-R-15 Piping Layout to Pit – Liquid Release 
Jet Profile 
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Figure 37: Liquid Release Jet Profile – E-R-15 Layout – 0% Reacted; D5 Stability Class; 
20 psig and 205°F 
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Figure 38: Liquid Release Jet Profile – E-R-15 Layout – 0% Reacted; F2 Stability Class; 
20 psig and 205°F 
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Figure 39: Liquid Release Jet Profile – E-R-15 Layout – 0% Reacted; D5 Stability Class; 5 
psig and 210°F 
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Figure 40: Liquid Release Jet Profile – E-R-15 Layout – 0% Reacted; F2 Stability Class; 5 
psig and 210°F 
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Figure 41: Liquid Release Jet Profile – E-R-15 Layout – 25% Reacted; D5 Stability Class; 
20 psig and 205°F 
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Figure 42: Liquid Release Jet Profile – E-R-15 Layout – 25% Reacted; F2 Stability Class; 
20 psig and 205°F 
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Figure 43: Liquid Release Jet Profile – E-R-15 Layout – 25% Reacted; D5 Stability Class; 
5 psig and 210°F 
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Figure 44: Liquid Release Jet Profile – E-R-15 Layout – 25% Reacted; F2 Stability Class; 
5 psig and 210°F 

 
JET DOWNWIND DISTANCE. ft

0.00 0.20 0.40 0.60 0.80 1.00

J
E

T
 E

L
E

V
A

T
IO

N
. 
ft

-0.40

4.68

9.76

14.84

19.92

25.00

JET PROFILE

                                        LIQUID DROPLETS TRAJECTORY

FHRPRU003627



 

PRIVELEGED AND CONFIDENTIAL – PREPARED AT THE REQUEST OF COUNSEL 
ATTORNEY-CLIENT PRIVELEGE AND/OR ATTORNEY WORK PRODUCT 

 

Figure 45: Liquid Release Jet Profile – E-R-15 Layout – 50% Reacted; D5 Stability Class; 
20 psig and 205°F 
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Figure 46: Liquid Release Jet Profile – E-R-15 Layout – 50% Reacted; F2 Stability Class; 
20 psig and 205°F 
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Figure 47: Liquid Release Jet Profile – E-R-15 Layout – 50% Reacted; D5 Stability Class; 
5 psig and 210°F 
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Figure 48: Liquid Release Jet Profile – E-R-15 Layout – 50% Reacted; F2 Stability Class; 
5 psig and 210°F 
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Figure 49: Liquid Release Jet Profile – E-R-15 Layout – 75% Reacted; D5 Stability Class; 
20 psig and 205°F 
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Figure 50: Liquid Release Jet Profile – E-R-15 Layout – 75% Reacted; F2 Stability Class; 
20 psig and 205°F 
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Figure 51: Liquid Release Jet Profile – E-R-15 Layout – 75% Reacted; D5 Stability Class; 
5 psig and 210°F 
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Figure 52: Liquid Release Jet Profile – E-R-15 Layout – 75% Reacted; F2 Stability Class; 
5 psig and 210°F 
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Figure 53: Liquid Release Jet Profile – E-R-15 Layout – 100% Reacted; D5 Stability 
Class; 20 psig and 205°F 
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Figure 54: Liquid Release Jet Profile – E-R-15 Layout – 100% Reacted; F2 Stability Class; 
20 psig and 205°F 
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Figure 55: Liquid Release Jet Profile – E-R-15 Layout – 100% Reacted; D5 Stability 
Class; 5 psig and 210°F 
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Figure 56: Liquid Release Jet Profile – E-R-15 Layout – 100% Reacted; F2 Stability Class; 
5 psig and 210°F 
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Appendix E:  Results – E-R-16 Piping Layout to Pit – Liquid Release 
Jet Profile 
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Figure 57: Liquid Release Jet Profile – E-R-16 Layout – 0% Reacted; D5 Stability Class; 
20 psig and 205°F 

 
JET DOWNWIND DISTANCE. ft

0.00 0.20 0.40 0.60 0.80 1.00

J
E

T
 E

L
E

V
A

T
IO

N
. 
ft

0.00

5.00

10.00

15.00

20.00

25.00

JET PROFILE

                                        LIQUID DROPLETS TRAJECTORY

FHRPRU003641



 

PRIVELEGED AND CONFIDENTIAL – PREPARED AT THE REQUEST OF COUNSEL 
ATTORNEY-CLIENT PRIVELEGE AND/OR ATTORNEY WORK PRODUCT 

 

Figure 58: Liquid Release Jet Profile – E-R-16 Layout – 0% Reacted; F2 Stability Class; 
20 psig and 205°F 
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Figure 59: Liquid Release Jet Profile – E-R-16 Layout – 0% Reacted; D5 Stability Class; 5 
psig and 210°F 
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Figure 60: Liquid Release Jet Profile – E-R-16 Layout – 0% Reacted; F2 Stability Class; 5 
psig and 210°F 
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Figure 61: Liquid Release Jet Profile – E-R-16 Layout – 25% Reacted; D5 Stability Class; 
20 psig and 205°F 
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Figure 62: Liquid Release Jet Profile – E-R-16 Layout – 25% Reacted; F2 Stability Class; 
20 psig and 205°F 
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Figure 63: Liquid Release Jet Profile – E-R-16 Layout – 25% Reacted; D5 Stability Class; 
5 psig and 210°F 
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Figure 64: Liquid Release Jet Profile – E-R-16 Layout – 25% Reacted; F2 Stability Class; 
5 psig and 210°F 
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Figure 65: Liquid Release Jet Profile – E-R-16 Layout – 50% Reacted; D5 Stability Class; 
20 psig and 205°F 
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Figure 66: Liquid Release Jet Profile – E-R-16 Layout – 50% Reacted; F2 Stability Class; 
20 psig and 205°F 
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Figure 67: Liquid Release Jet Profile – E-R-16 Layout – 50% Reacted; D5 Stability Class; 
5 psig and 210°F 
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Figure 68: Liquid Release Jet Profile – E-R-16 Layout – 50% Reacted; F2 Stability Class; 
5 psig and 210°F 
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Figure 69: Liquid Release Jet Profile – E-R-16 Layout – 75% Reacted; D5 Stability Class; 
20 psig and 205°F 
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Figure 70: Liquid Release Jet Profile – E-R-16 Layout – 75% Reacted; F2 Stability Class; 
20 psig and 205°F 
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Figure 71: Liquid Release Jet Profile – E-R-16 Layout – 75% Reacted; D5 Stability Class; 
5 psig and 210°F 
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Figure 72: Liquid Release Jet Profile – E-R-16 Layout – 75% Reacted; F2 Stability Class; 
5 psig and 210°F 
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Figure 73: Liquid Release Jet Profile – E-R-16 Layout – 100% Reacted; D5 Stability 
Class; 20 psig and 205°F 
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Figure 74: Liquid Release Jet Profile – E-R-16 Layout – 100% Reacted; F2 Stability Class; 
20 psig and 205°F 
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Figure 75: Liquid Release Jet Profile – E-R-16 Layout – 100% Reacted; D5 Stability 
Class; 5 psig and 210°F 
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Figure 76: Liquid Release Jet Profile – E-R-16 Layout – 100% Reacted; F2 Stability Class; 
5 psig and 210°F 
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Appendix F:  Results – E-R-17 Piping Layout to Pit – Liquid Release 
Jet Profile 
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Figure 77: Liquid Release Jet Profile – E-R-17 Layout – 0% Reacted; D5 Stability Class; 
20 psig and 205°F 
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Figure 78: Liquid Release Jet Profile – E-R-17 Layout – 0% Reacted; F2 Stability Class; 
20 psig and 205°F 
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Figure 79: Liquid Release Jet Profile – E-R-17 Layout – 0% Reacted; D5 Stability Class; 5 
psig and 210°F 
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Figure 80: Liquid Release Jet Profile – E-R-17 Layout – 0% Reacted; F2 Stability Class; 5 
psig and 210°F 
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Figure 81: Liquid Release Jet Profile – E-R-17 Layout – 25% Reacted; D5 Stability Class; 
20 psig and 205°F 
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Figure 82: Liquid Release Jet Profile – E-R-17 Layout – 25% Reacted; F2 Stability Class; 
20 psig and 205°F 
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Figure 83: Liquid Release Jet Profile – E-R-17 Layout – 25% Reacted; D5 Stability Class; 
5 psig and 210°F 
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Figure 84: Liquid Release Jet Profile – E-R-17 Layout – 25% Reacted; F2 Stability Class; 
5 psig and 210°F 
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Figure 85: Liquid Release Jet Profile – E-R-17 Layout – 50% Reacted; D5 Stability Class; 
20 psig and 205°F 
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Figure 86: Liquid Release Jet Profile – E-R-17 Layout – 50% Reacted; F2 Stability Class; 
20 psig and 205°F 
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Figure 87: Liquid Release Jet Profile – E-R-17 Layout – 50% Reacted; D5 Stability Class; 
5 psig and 210°F 
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Figure 88: Liquid Release Jet Profile – E-R-17 Layout – 50% Reacted; F2 Stability Class; 
5 psig and 210°F 
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Figure 89: Liquid Release Jet Profile – E-R-17 Layout – 75% Reacted; D5 Stability Class; 
20 psig and 205°F 
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Figure 90: Liquid Release Jet Profile – E-R-17 Layout – 75% Reacted; F2 Stability Class; 
20 psig and 205°F 
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Figure 91: Liquid Release Jet Profile – E-R-17 Layout – 75% Reacted; D5 Stability Class; 
5 psig and 210°F 
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Figure 92: Liquid Release Jet Profile – E-R-17 Layout – 75% Reacted; F2 Stability Class; 
5 psig and 210°F 
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Figure 93: Liquid Release Jet Profile – E-R-17 Layout – 100% Reacted; D5 Stability 
Class; 20 psig and 205°F 
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Figure 94: Liquid Release Jet Profile – E-R-17 Layout – 100% Reacted; F2 Stability Class; 
20 psig and 205°F 
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Figure 95: Liquid Release Jet Profile – E-R-17 Layout – 100% Reacted; D5 Stability 
Class; 5 psig and 210°F 
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Figure 96: Liquid Release Jet Profile – E-R-17 Layout – 100% Reacted; F2 Stability Class; 
5 psig and 210°F 
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Appendix G:  Results – E-R-18 Piping Layout to Pit – Liquid Release 
Jet Profile 
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Figure 97: Liquid Release Jet Profile – E-R-18 Layout – 0% Reacted; D5 Stability Class; 
20 psig and 205°F 
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Figure 98: Liquid Release Jet Profile – E-R-18 Layout – 0% Reacted; F2 Stability Class; 
20 psig and 205°F 
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Figure 99: Liquid Release Jet Profile – E-R-18 Layout – 0% Reacted; D5 Stability Class; 5 
psig and 210°F 
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Figure 100: Liquid Release Jet Profile – E-R-18 Layout – 0% Reacted; F2 Stability Class; 
5 psig and 210°F 
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Figure 101: Liquid Release Jet Profile – E-R-18 Layout – 25% Reacted; D5 Stability 
Class; 20 psig and 205°F 

 
JET DOWNWIND DISTANCE. ft

0.00 0.20 0.40 0.60 0.80 1.00

J
E

T
 E

L
E

V
A

T
IO

N
. 
ft

0.00

5.00

10.00

15.00

20.00

25.00

JET PROFILE

                                        LIQUID DROPLETS TRAJECTORY

FHRPRU003687



 

PRIVELEGED AND CONFIDENTIAL – PREPARED AT THE REQUEST OF COUNSEL 
ATTORNEY-CLIENT PRIVELEGE AND/OR ATTORNEY WORK PRODUCT 

 

Figure 102: Liquid Release Jet Profile – E-R-18 Layout – 25% Reacted; F2 Stability Class; 
20 psig and 205°F 
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Figure 103: Liquid Release Jet Profile – E-R-18 Layout – 25% Reacted; D5 Stability 
Class; 5 psig and 210°F 
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Figure 104: Liquid Release Jet Profile – E-R-18 Layout – 25% Reacted; F2 Stability Class; 
5 psig and 210°F 
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Figure 105: Liquid Release Jet Profile – E-R-18 Layout – 50% Reacted; D5 Stability 
Class; 20 psig and 205°F 
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Figure 106: Liquid Release Jet Profile – E-R-18 Layout – 50% Reacted; F2 Stability Class; 
20 psig and 205°F 
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Figure 107: Liquid Release Jet Profile – E-R-18 Layout – 50% Reacted; D5 Stability 
Class; 5 psig and 210°F 

 

JET DOWNWIND DISTANCE. ft

0.00 0.20 0.40 0.60 0.80 1.00

J
E

T
 E

L
E

V
A

T
IO

N
. 
ft

0.00

5.00

10.00

15.00

20.00

25.00

JET PROFILE

                                        LIQUID DROPLETS TRAJECTORY

FHRPRU003693



 

PRIVELEGED AND CONFIDENTIAL – PREPARED AT THE REQUEST OF COUNSEL 
ATTORNEY-CLIENT PRIVELEGE AND/OR ATTORNEY WORK PRODUCT 

 

Figure 108: Liquid Release Jet Profile – E-R-18 Layout – 50% Reacted; F2 Stability Class; 
5 psig and 210°F 
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Figure 109: Liquid Release Jet Profile – E-R-18 Layout – 75% Reacted; D5 Stability 
Class; 20 psig and 205°F 
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Figure 110: Liquid Release Jet Profile – E-R-18 Layout – 75% Reacted; F2 Stability Class; 
20 psig and 205°F 
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Figure 111: Liquid Release Jet Profile – E-R-18 Layout – 75% Reacted; D5 Stability 
Class; 5 psig and 210°F 
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Figure 112: Liquid Release Jet Profile – E-R-18 Layout – 75% Reacted; F2 Stability Class; 
5 psig and 210°F 
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Figure 113: Liquid Release Jet Profile – E-R-18 Layout – 100% Reacted; D5 Stability 
Class; 20 psig and 205°F 
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Figure 114: Liquid Release Jet Profile – E-R-18 Layout – 100% Reacted; F2 Stability 
Class; 20 psig and 205°F 
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Figure 115: Liquid Release Jet Profile – E-R-18 Layout – 100% Reacted; D5 Stability 
Class; 5 psig and 210°F 
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Figure 116: Liquid Release Jet Profile – E-R-18 Layout – 100% Reacted; F2 Stability 
Class; 5 psig and 210°F 
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Appendix H:  Results – PROPOSED Piping Layout to Pit - Liquid Pool 
Depth 
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Figure 117: Liquid Pool Depth – Proposed Layout – 0% Reacted; D5 Stability Class; 20 
psig and 205°F 
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Figure 118: Liquid Pool Depth – Proposed Layout – 0% Reacted; F2 Stability Class; 20 
psig and 205°F 
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Figure 119: Liquid Pool Depth – Proposed Layout – 0% Reacted; D5 Stability Class; 5 
psig and 210°F 
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Figure 120: Liquid Pool Depth – Proposed Layout – 0% Reacted; F2 Stability Class; 5 
psig and 210°F 
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Figure 121: Liquid Pool Depth – Proposed Layout – 25% Reacted; D5 Stability Class; 20 
psig and 205°F 
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Figure 122: Liquid Pool Depth – Proposed Layout – 25% Reacted; F2 Stability Class; 20 
psig and 205°F 

 TIME. min

0 3 6 9 12 15

A
V

E
R

A
G

E
 P

O
O

L
 D

E
P

T
H

. 
ft

0

0.1

0.2

0.3

0.4

0.5

DEPTH

                                      AVERAGE POOL DEPTH. ft

FHRPRU003709



 

PRIVELEGED AND CONFIDENTIAL – PREPARED AT THE REQUEST OF COUNSEL 
ATTORNEY-CLIENT PRIVELEGE AND/OR ATTORNEY WORK PRODUCT 

 

Figure 123: Liquid Pool Depth – Proposed Layout – 25% Reacted; D5 Stability Class; 5 
psig and 210°F 
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Figure 124: Liquid Pool Depth – Proposed Layout – 25% Reacted; F2 Stability Class; 5 
psig and 210°F 
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Appendix I:  Results – E-R-14 Piping Layout to Pit - Liquid Pool Depth 
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Figure 125: Liquid Pool Depth – E-R-14 Layout – 0% Reacted; D5 Stability Class; 20 psig 
and 205°F 
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Figure 126: Liquid Pool Depth – E-R-14 Layout – 0% Reacted; F2 Stability Class; 20 psig 
and 205°F 
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Figure 127: Liquid Pool Depth – E-R-14 Layout – 0% Reacted; D5 Stability Class; 5 psig 
and 210°F 
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Figure 128: Liquid Pool Depth – E-R-14 Layout – 0% Reacted; F2 Stability Class; 5 psig 
and 210°F 
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Figure 129: Liquid Pool Depth – E-R-14 Layout – 25% Reacted; D5 Stability Class; 20 
psig and 205°F 
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Figure 130: Liquid Pool Depth – E-R-14 Layout – 25% Reacted; F2 Stability Class; 20 
psig and 205°F 
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Figure 131: Liquid Pool Depth – E-R-14 Layout – 25% Reacted; D5 Stability Class; 5 psig 
and 210°F 
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Figure 132: Liquid Pool Depth – E-R-14 Layout – 25% Reacted; F2 Stability Class; 5 psig 
and 210°F 
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Appendix J:  Results – E-R-15 Piping Layout to Pit - Liquid Pool 
Depth 
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Figure 133: Liquid Pool Depth – E-R-15 Layout – 0% Reacted; D5 Stability Class; 20 psig 
and 205°F 

 TIME. min

0 3 6 9 12 15

A
V

E
R

A
G

E
 P

O
O

L
 D

E
P

T
H

. 
ft

0

0.1

0.2

0.3

0.4

0.5

DEPTH

                                        AVERAGE POOL DEPTH. ft

FHRPRU003722



 

PRIVELEGED AND CONFIDENTIAL – PREPARED AT THE REQUEST OF COUNSEL 
ATTORNEY-CLIENT PRIVELEGE AND/OR ATTORNEY WORK PRODUCT 

 

Figure 134: Liquid Pool Depth – E-R-15 Layout – 0% Reacted; F2 Stability Class; 20 psig 
and 205°F 
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Figure 135: Liquid Pool Depth – E-R-15 Layout – 0% Reacted; D5 Stability Class; 5 psig 
and 210°F 
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Figure 136: Liquid Pool Depth – E-R-15 Layout – 0% Reacted; F2 Stability Class; 5 psig 
and 210°F 
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Figure 137: Liquid Pool Depth – E-R-15 Layout – 25% Reacted; D5 Stability Class; 20 
psig and 205°F 
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Figure 138: Liquid Pool Depth – E-R-15 Layout – 25% Reacted; F2 Stability Class; 20 
psig and 205°F 
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Figure 139: Liquid Pool Depth – E-R-15 Layout – 25% Reacted; D5 Stability Class; 5 psig 
and 210°F 
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Figure 140: Liquid Pool Depth – E-R-15 Layout – 25% Reacted; F2 Stability Class; 5 psig 
and 210°F 
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Appendix K:  Results – E-R-16 Piping Layout to Pit - Liquid Pool 
Depth 
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Figure 141: Liquid Pool Depth – E-R-16 Layout – 0% Reacted; D5 Stability Class; 20 psig 
and 205°F 
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Figure 142: Liquid Pool Depth – E-R-16 Layout – 0% Reacted; F2 Stability Class; 20 psig 
and 205°F 
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Figure 143: Liquid Pool Depth – E-R-16 Layout – 0% Reacted; D5 Stability Class; 5 psig 
and 210°F 
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Figure 144: Liquid Pool Depth – E-R-16 Layout – 0% Reacted; F2 Stability Class; 5 psig 
and 210°F 
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Figure 145: Liquid Pool Depth – E-R-16 Layout – 25% Reacted; D5 Stability Class; 20 
psig and 205°F 
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Figure 146: Liquid Pool Depth – E-R-16 Layout – 25% Reacted; F2 Stability Class; 20 
psig and 205°F 
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Figure 147: Liquid Pool Depth – E-R-16 Layout – 25% Reacted; D5 Stability Class; 5 psig 
and 210°F 
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Figure 148: Liquid Pool Depth – E-R-16 Layout – 25% Reacted; F2 Stability Class; 5 psig 
and 210°F 
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Appendix L:  Results – E-R-17 Piping Layout to Pit - Liquid Pool 
Depth 
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Figure 149: Liquid Pool Depth – E-R-17 Layout – 0% Reacted; D5 Stability Class; 20 psig 
and 205°F 
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Figure 150: Liquid Pool Depth – E-R-17 Layout – 0% Reacted; F2 Stability Class; 20 psig 
and 205°F 
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Figure 151: Liquid Pool Depth – E-R-17 Layout – 0% Reacted; D5 Stability Class; 5 psig 
and 210°F 
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Figure 152: Liquid Pool Depth – E-R-17 Layout – 0% Reacted; F2 Stability Class; 5 psig 
and 210°F 
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Figure 153: Liquid Pool Depth – E-R-17 Layout – 25% Reacted; D5 Stability Class; 20 
psig and 205°F 
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Figure 154: Liquid Pool Depth – E-R-17 Layout – 25% Reacted; F2 Stability Class; 20 
psig and 205°F 
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Figure 155: Liquid Pool Depth – E-R-17 Layout – 25% Reacted; D5 Stability Class; 5 psig 
and 210°F 
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Figure 156: Liquid Pool Depth – E-R-17 Layout – 25% Reacted; F2 Stability Class; 5 psig 
and 210°F 
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Appendix M:  Results – E-R-18 Piping Layout to Pit - Liquid Pool 
Depth 
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Figure 157: Liquid Pool Depth – E-R-18 Layout – 0% Reacted; D5 Stability Class; 20 psig 
and 205°F 
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Figure 158: Liquid Pool Depth – E-R-18 Layout – 0% Reacted; F2 Stability Class; 20 psig 
and 205°F 
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Figure 159: Liquid Pool Depth – E-R-18 Layout – 0% Reacted; D5 Stability Class; 5 psig 
and 210°F 
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Figure 160: Liquid Pool Depth – E-R-18 Layout – 0% Reacted; F2 Stability Class; 5 psig 
and 210°F 
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Figure 161: Liquid Pool Depth – E-R-18 Layout – 25% Reacted; D5 Stability Class; 20 
psig and 205°F 
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Figure 162: Liquid Pool Depth – E-R-18 Layout – 25% Reacted; F2 Stability Class; 20 
psig and 205°F 
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Figure 163: Liquid Pool Depth – E-R-18 Layout – 25% Reacted; D5 Stability Class; 5 psig 
and 210°F 
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Figure 164: Liquid Pool Depth – E-R-18 Layout – 25% Reacted; F2 Stability Class; 5 psig 
and 210°F 
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Appendix N:  Results – PROPOSED Piping Layout to Pit – Styrene 
Evaporation Rate  
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Figure 165: Styrene Evaporation Rate – PROPOSED Layout – 0% Reacted; D5 Stability 
Class; 20 psig and 205°F 
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Figure 166: Styrene Evaporation Rate – PROPOSED Layout – 0% Reacted; F2 Stability 
Class; 20 psig and 205°F 
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Figure 167: Styrene Evaporation Rate – PROPOSED Layout – 0% Reacted; D5 Stability 
Class; 5 psig and 210°F 
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Figure 168: Styrene Evaporation Rate – PROPOSED Layout – 0% Reacted; F2 Stability 
Class; 5 psig and 210°F 
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Figure 169: Styrene Evaporation Rate – PROPOSED Layout – 25% Reacted; D5 Stability 
Class; 20 psig and 205°F 
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Figure 170: Styrene Evaporation Rate – PROPOSED Layout – 25% Reacted; F2 Stability 
Class; 20 psig and 205°F 
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Figure 171: Styrene Evaporation Rate – PROPOSED Layout – 25% Reacted; D5 Stability 
Class; 5 psig and 210°F 
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Figure 172: Styrene Evaporation Rate – PROPOSED Layout – 25% Reacted; F2 Stability 
Class; 5 psig and 210°F 
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Appendix O:  Results – E-R-14 Piping Layout to Pit – Styrene 
Evaporation Rate 

 

FHRPRU003766



 

PRIVELEGED AND CONFIDENTIAL – PREPARED AT THE REQUEST OF COUNSEL 
ATTORNEY-CLIENT PRIVELEGE AND/OR ATTORNEY WORK PRODUCT 

 

Figure 173: Styrene Evaporation Rate – E-R-14 Layout – 0% Reacted; D5 Stability Class; 
20 psig and 205°F 
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Figure 174: Styrene Evaporation Rate – E-R-14 Layout – 0% Reacted; F2 Stability Class; 
20 psig and 205°F 
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Figure 175: Styrene Evaporation Rate – E-R-14 Layout – 0% Reacted; D5 Stability Class; 
5 psig and 210°F 
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Figure 176: Styrene Evaporation Rate – E-R-14 Layout – 0% Reacted; F2 Stability Class; 
5 psig and 210°F 
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Figure 177: Styrene Evaporation Rate – E-R-14 Layout – 25% Reacted; D5 Stability 
Class; 20 psig and 205°F 
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Figure 178: Styrene Evaporation Rate – E-R-14 Layout – 25% Reacted; F2 Stability Class; 
20 psig and 205°F 
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Figure 179: Styrene Evaporation Rate – E-R-14 Layout – 25% Reacted; D5 Stability 
Class; 5 psig and 210°F 
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Figure 180: Styrene Evaporation Rate – E-R-14 Layout – 25% Reacted; F2 Stability Class; 
5 psig and 210°F 
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Appendix P:  Results – E-R-15 Piping Layout to Pit – Styrene 
Evaporation Rate 
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Figure 181: Styrene Evaporation Rate – E-R-15 Layout – 0% Reacted; D5 Stability Class; 
20 psig and 205°F 
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Figure 182: Styrene Evaporation Rate – E-R-15 Layout – 0% Reacted; F2 Stability Class; 
20 psig and 205°F 
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Figure 183: Styrene Evaporation Rate – E-R-15 Layout – 0% Reacted; D5 Stability Class; 
5 psig and 210°F 
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Figure 184: Styrene Evaporation Rate – E-R-15 Layout – 0% Reacted; F2 Stability Class; 
5 psig and 210°F 
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Figure 185: Styrene Evaporation Rate – E-R-15 Layout – 25% Reacted; D5 Stability 
Class; 20 psig and 205°F 
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Figure 186: Styrene Evaporation Rate – E-R-15 Layout – 25% Reacted; F2 Stability Class; 
20 psig and 205°F 
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Figure 187: Styrene Evaporation Rate – E-R-15 Layout – 25% Reacted; D5 Stability 
Class; 5 psig and 210°F 
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Figure 188: Styrene Evaporation Rate – E-R-15 Layout – 25% Reacted; F2 Stability Class; 
5 psig and 210°F 
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Appendix Q:  Results – E-R-16 Piping Layout to Pit – Styrene 
Evaporation Rate 
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Figure 189: Styrene Evaporation Rate – E-R-16 Layout – 0% Reacted; D5 Stability Class; 
20 psig and 205°F 
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Figure 190: Styrene Evaporation Rate – E-R-16 Layout – 0% Reacted; F2 Stability Class; 
20 psig and 205°F 
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Figure 191: Styrene Evaporation Rate – E-R-16 Layout – 0% Reacted; D5 Stability Class; 
5 psig and 210°F 
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Figure 192: Styrene Evaporation Rate – E-R-16 Layout – 0% Reacted; F2 Stability Class; 
5 psig and 210°F 
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Figure 193: Styrene Evaporation Rate – E-R-16 Layout – 25% Reacted; D5 Stability 
Class; 20 psig and 205°F 
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Figure 194: Styrene Evaporation Rate – E-R-16 Layout – 25% Reacted; F2 Stability Class; 
20 psig and 205°F 
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Figure 195: Styrene Evaporation Rate – E-R-16 Layout – 25% Reacted; D5 Stability 
Class; 5 psig and 210°F 
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Figure 196: Styrene Evaporation Rate – E-R-16 Layout – 25% Reacted; F2 Stability Class; 
5 psig and 210°F 
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Appendix R:  Results – E-R-17 Piping Layout to Pit – Styrene 
Evaporation Rate 
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Figure 197: Styrene Evaporation Rate – E-R-17 Layout – 0% Reacted; D5 Stability Class; 
20 psig and 205°F 
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Figure 198: Styrene Evaporation Rate – E-R-17 Layout – 0% Reacted; F2 Stability Class; 
20 psig and 205°F 
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Figure 199: Styrene Evaporation Rate – E-R-17 Layout – 0% Reacted; D5 Stability Class; 
5 psig and 210°F 
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Figure 200: Styrene Evaporation Rate – E-R-17 Layout – 0% Reacted; F2 Stability Class; 
5 psig and 210°F 
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Figure 201: Styrene Evaporation Rate – E-R-17 Layout – 25% Reacted; D5 Stability 
Class; 20 psig and 205°F 
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Figure 202: Styrene Evaporation Rate – E-R-17 Layout – 25% Reacted; F2 Stability Class; 
20 psig and 205°F 
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Figure 203: Styrene Evaporation Rate – E-R-17 Layout – 25% Reacted; D5 Stability 
Class; 5 psig and 210°F 
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Figure 204: Styrene Evaporation Rate – E-R-17 Layout – 25% Reacted; F2 Stability Class; 
5 psig and 210°F 
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Appendix S:  Results – E-R-18 Piping Layout to Pit – Styrene 
Evaporation Rate 
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Figure 205: Styrene Evaporation Rate – E-R-18 Layout – 0% Reacted; D5 Stability Class; 
20 psig and 205°F 
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Figure 206: Styrene Evaporation Rate – E-R-18 Layout – 0% Reacted; F2 Stability Class; 
20 psig and 205°F 
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Figure 207: Styrene Evaporation Rate – E-R-18 Layout – 0% Reacted; D5 Stability Class; 
5 psig and 210°F 
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Figure 208: Styrene Evaporation Rate – E-R-18 Layout – 0% Reacted; F2 Stability Class; 
5 psig and 210°F 
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Figure 209: Styrene Evaporation Rate – E-R-18 Layout – 25% Reacted; D5 Stability 
Class; 20 psig and 205°F 
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Figure 210: Styrene Evaporation Rate – E-R-18 Layout – 25% Reacted; F2 Stability Class; 
20 psig and 205°F 
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Figure 211: Styrene Evaporation Rate – E-R-18 Layout – 25% Reacted; D5 Stability 
Class; 5 psig and 210°F 
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Figure 212: Styrene Evaporation Rate – E-R-18 Layout – 25% Reacted; F2 Stability Class; 
5 psig and 210°F 
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Appendix T:  Results – PROPOSED Piping Layout to Pit – Styrene 
Vapor Cloud Dispersion 
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Figure 213: Vapor Cloud Dispersion – PROPOSED Layout – 0% Reacted; D5 Stability 
Class; 20 psig and 205°F 
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Figure 215: Vapor Cloud Dispersion – PROPOSED Layout – 0% Reacted; D5 Stability 
Class; 5 psig and 210°F 
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Figure 216: Vapor Cloud Dispersion – PROPOSED Layout – 0% Reacted; F2 Stability 
Class; 5 psig and 210°F 
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Figure 217: Vapor Cloud Dispersion – PROPOSED Layout – 25% Reacted; D5 Stability 
Class; 20 psig and 205°F 
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Figure 218: Vapor Cloud Dispersion – PROPOSED Layout – 25% Reacted; F2 Stability 
Class; 20 psig and 205°F 
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Figure 219: Vapor Cloud Dispersion – PROPOSED Layout – 25% Reacted; D5 Stability 
Class; 5 psig and 210°F 
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Figure 220: Vapor Cloud Dispersion – PROPOSED Layout – 25% Reacted; F2 Stability 
Class; 5 psig and 210°F 
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Appendix U:  Results – E-R-14 Piping Layout to Pit – Styrene Vapor 
Cloud Dispersion 
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Figure 221: Styrene Evaporation Rate – E-R-14 Layout – 0% Reacted; D5 Stability Class; 
20 psig and 205°F 
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Figure 222: Styrene Evaporation Rate – E-R-14 Layout – 0% Reacted; F2 Stability Class; 
20 psig and 205°F 
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Figure 223: Styrene Evaporation Rate – E-R-14 Layout – 0% Reacted; D5 Stability Class; 
5 psig and 210°F 
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Figure 224: Styrene Evaporation Rate – E-R-14 Layout – 0% Reacted; F2 Stability Class; 
5 psig and 210°F 
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Figure 225: Styrene Evaporation Rate – E-R-14 Layout – 25% Reacted; D5 Stability 
Class; 20 psig and 205°F 
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Figure 226: Styrene Evaporation Rate – E-R-14 Layout – 25% Reacted; F2 Stability Class; 
20 psig and 205°F 
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Figure 227: Styrene Evaporation Rate – E-R-14 Layout – 25% Reacted; D5 Stability 
Class; 5 psig and 210°F 
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Figure 228: Styrene Evaporation Rate – E-R-14 Layout – 25% Reacted; F2 Stability Class; 
5 psig and 210°F 
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Appendix V:  Results – E-R-15 Piping Layout to Pit – Styrene Vapor 
Cloud Dispersion 
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Figure 229: Styrene Evaporation Rate – E-R-15 Layout – 0% Reacted; D5 Stability Class; 
20 psig and 205°F 
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Figure 230: Styrene Evaporation Rate – E-R-15 Layout – 0% Reacted; F2 Stability Class; 
20 psig and 205°F 
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Figure 231: Styrene Evaporation Rate – E-R-15 Layout – 0% Reacted; D5 Stability Class; 
5 psig and 210°F 
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Figure 232: Styrene Evaporation Rate – E-R-15 Layout – 0% Reacted; F2 Stability Class; 
5 psig and 210°F 
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Figure 233: Styrene Evaporation Rate – E-R-15 Layout – 25% Reacted; D5 Stability 
Class; 20 psig and 205°F 
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Figure 234: Styrene Evaporation Rate – E-R-15 Layout – 25% Reacted; F2 Stability Class; 
20 psig and 205°F 
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Figure 235: Styrene Evaporation Rate – E-R-15 Layout – 25% Reacted; D5 Stability 
Class; 5 psig and 210°F 
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Figure 236: Styrene Evaporation Rate – E-R-15 Layout – 25% Reacted; F2 Stability Class; 
5 psig and 210°F 
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Appendix W:  Results – E-R-16 Piping Layout to Pit – Styrene Vapor 
Cloud Dispersion 
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Figure 237: Styrene Evaporation Rate – E-R-16 Layout – 0% Reacted; D5 Stability Class; 
20 psig and 205°F 
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Figure 238: Styrene Evaporation Rate – E-R-16 Layout – 0% Reacted; F2 Stability Class; 
20 psig and 205°F 
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Figure 239: Styrene Evaporation Rate – E-R-16 Layout – 0% Reacted; D5 Stability Class; 
5 psig and 210°F 
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Figure 240: Styrene Evaporation Rate – E-R-16 Layout – 0% Reacted; F2 Stability Class; 
5 psig and 210°F 
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Figure 241: Styrene Evaporation Rate – E-R-16 Layout – 25% Reacted; D5 Stability 
Class; 20 psig and 205°F 
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Figure 242: Styrene Evaporation Rate – E-R-16 Layout – 25% Reacted; F2 Stability Class; 
20 psig and 205°F 
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Figure 243: Styrene Evaporation Rate – E-R-16 Layout – 25% Reacted; D5 Stability 
Class; 5 psig and 210°F 
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Figure 244: Styrene Evaporation Rate – E-R-16 Layout – 25% Reacted; F2 Stability Class; 
5 psig and 210°F 
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Appendix X:  Results – E-R-17 Piping Layout to Pit – Styrene Vapor 
Cloud Dispersion 
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Figure 245: Styrene Evaporation Rate – E-R-17 Layout – 0% Reacted; D5 Stability Class; 
20 psig and 205°F 
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Figure 246: Styrene Evaporation Rate – E-R-17 Layout – 0% Reacted; F2 Stability Class; 
20 psig and 205°F 
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Figure 247: Styrene Evaporation Rate – E-R-17 Layout – 0% Reacted; D5 Stability Class; 
5 psig and 210°F 

 

 

DOWNWIND DISTANCE. ft

0 200 400 600 800 1000

C
R

O
S

S
W

IN
D

 D
IS

T
A

N
C

E
. 
ft

-59

-29

1

31

61

91

FOOTPRINT TO USER SPECIFIED CONCENTRATION LIMITS

                                        FOOTPRINT TO 50 PPM, 76854.8 ft2

                                        FOOTPRINT TO 250 PPM, 10.8181 ft2

                                        FOOTPRINT TO 1000 PPM, 14.3977 ft2

FHRPRU003850



 

PRIVELEGED AND CONFIDENTIAL – PREPARED AT THE REQUEST OF COUNSEL 
ATTORNEY-CLIENT PRIVELEGE AND/OR ATTORNEY WORK PRODUCT 

 

Figure 248: Styrene Evaporation Rate – E-R-17 Layout – 0% Reacted; F2 Stability Class; 
5 psig and 210°F 
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Figure 249: Styrene Evaporation Rate – E-R-17 Layout – 25% Reacted; D5 Stability 
Class; 20 psig and 205°F 
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Figure 250: Styrene Evaporation Rate – E-R-17 Layout – 25% Reacted; F2 Stability Class; 
20 psig and 205°F 
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Figure 251: Styrene Evaporation Rate – E-R-17 Layout – 25% Reacted; D5 Stability 
Class; 5 psig and 210°F 
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Figure 252: Styrene Evaporation Rate – E-R-17 Layout – 25% Reacted; F2 Stability Class; 
5 psig and 210°F 
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Appendix Y:  Results – E-R-18 Piping Layout to Pit – Styrene Vapor 
Cloud Dispersion 
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Figure 253: Styrene Evaporation Rate – E-R-18 Layout – 0% Reacted; D5 Stability Class; 
20 psig and 205°F 
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Figure 254: Styrene Evaporation Rate – E-R-18 Layout – 0% Reacted; F2 Stability Class; 
20 psig and 205°F 
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Figure 255: Styrene Evaporation Rate – E-R-18 Layout – 0% Reacted; D5 Stability Class; 
5 psig and 210°F 
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Figure 256: Styrene Evaporation Rate – E-R-18 Layout – 0% Reacted; F2 Stability Class; 
5 psig and 210°F 
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Figure 257: Styrene Evaporation Rate – E-R-18 Layout – 25% Reacted; D5 Stability 
Class; 20 psig and 205°F 
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Figure 258: Styrene Evaporation Rate – E-R-18 Layout – 25% Reacted; F2 Stability Class; 
20 psig and 205°F 
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Figure 259: Styrene Evaporation Rate – E-R-18 Layout – 25% Reacted; D5 Stability 
Class; 5 psig and 210°F 
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Figure 260: Styrene Evaporation Rate – E-R-18 Layout – 25% Reacted; F2 Stability Class; 
5 psig and 210°F 
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Analytical Report 
Lab Order: 14D0614 

 
Summary 

 
Analytical report came from samples collected from two roll-off boxes that contained CA-7 crushed 
limestone (“CA-7”). The CA-7 came from the remediated area on the south side of Building 4’s 
Emergency Containment Pit.  This is the area that came into contact with styrene during the April 25, 
2014 release.  Samples were collected on April 30, 2014 by Prairie Analytical Systems, Incorporated 
employee. 

 
Analytical: Total styrene, RCRA-8 Metals TCLP, Ignitability, and Paint Filter 

 
Sample ID RF26-01 – refers to a roll off box that contained remediated CA-7 
 
Sample ID RF26-02 - refers to a roll off box that contained remediated CA-7 

 
Sample ID PS26-01 – refers to a waste pile that was in the soil staging area (Case Narrative refers to this 
soil staging area as containment area.). This waste pile was onsite before the April 25, 2014 release. It 
was unknown whether or not this pile had come in contact with any remediated CA-7, so samples were 
collected from the pile. 

 
PS26-02 – refers to a pile of remediated CA-7 in soil staging area. 
 
 
*Analytical Report contains a more details Case Narrative 
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Friday, May 2, 2014

Flint Hills Resources

RE: Styrene Analysis

Peru, IL 61354

501 Brunner Street

Michael Schmidt

Ana L. Jensen

Project Manager

Prairie Analytical Systems, Inc. received 4 sample(s) on 4/30/2014 for the analyses presented in 

the following report.

All applicable quality control procedures met method specific acceptance criteria unless 

otherwise noted.

This report shall not be reproduced, except in full, without the prior written consent of Prairie 

Analytical Systems, Inc.

If you have any questions, please feel free to contact me at (217) 753-1148.

Respectfully submitted, 

TEL:  (815) 224-5451

FAX:  NA

14D0614PAS WO:

1210 Capital Airport Drive

Certifications: NELAP/NELAC - IL #100323

9114 Virginia Road Suite #112

1.217.753.1152 Fax*1.217.753.1148Springfield, IL  62707 **

1.847.458.0538 Fax1.847.651.2604Lake in the Hills, IL  60156* * *
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Prairie Analytical Systems, Inc. 5/2/2014

Client:

Project: Lab Order:

Flint Hills Resources

Date:

Styrene Analysis

LABORATORY RESULTS

14D0614

Case Narrative

FIELD NARRATIVE

Sample RF26-01 refers to the roll-off box located to the east.  The box was marked off and 5 samples were taken 

from randomly appointed locations and composited.  

Sample RF26-02 refers to the roll-off box located to the west. The box was marked off and 5 samples were taken 

from randomly appointed locations and composited.

Sample PS26-01 refers to the large waste pile located to the north of the containment area.  The pile was irregularly 

shaped an measured approximately 47.5'x17'x7.5'.  5 samples were taken from random points throughout the pile 

and composited to comprise the sample.  All of the samples were taken from the dirt/gravel portion of the pile and 

none from the large asphalt pieces on the west side of the pile.  

Sample PS26-02 refers to the smaller waste pile located on the east side of the containment area.  The pile was 

irregularly shaped and measured approximately 15'x18'x5'.  5 samples were taken from random points throughout 

the pile and composited to comprise the sample. 

LAB NARRATIVE

The percent moisure test was not performed due to the high styrene level detected in the samples and therefore for 

safety reasons.  Samples are reported on a wet weight basis.

Sample RF26-02 required a 50,000X dilution factor for Styrene analysis.  With that magnitude of dilution, the final 

result is estimated.

Page 2 of 6
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Prairie Analytical Systems, Inc. 5/2/2014

Client:

Project: Lab Order:

Flint Hills Resources

Date:

Styrene Analysis

LABORATORY RESULTS

14D0614

Date AnalyzedQual DFUnits

RF26-01 Lab ID:Client Sample ID:

Collection Date: Matrix:4/30/14  11:15 Solid

LimitResultAnalyses Date Prepared Method Analyst

14D0614-01

Volatile Organic Compounds by GC-MS

µg/Kg wet 1000050000 5/1/14  13:03760000 5/1/14  10:54 SW 8260B Rev2 1996BDP*Styrene

TCLP Metals by ICP-MS

mg/L 1000.0200 5/2/14   0:05U 5/1/14  12:17 SW 6020A JTC*Mercury

mg/L 1000.500 5/2/14   0:05U 5/1/14  12:17 SW 6020A JTC*Selenium

mg/L 1000.500 5/2/14   0:05U 5/1/14  12:17 SW 6020A JTC*Silver

TCLP Metals by ICP

mg/L 10.0100 5/1/14  23:36U 5/1/14  12:17 SW 6010B CEP*Arsenic

mg/L 11.00 5/1/14  23:36U 5/1/14  12:17 SW 6010B CEP*Barium

mg/L 10.00500 5/1/14  23:36U 5/1/14  12:17 SW 6010B CEP*Cadmium

mg/L 10.00500 5/1/14  23:36U 5/1/14  12:17 SW 6010B CEP*Chromium

mg/L 10.00500 5/1/14  23:36U 5/1/14  12:17 SW 6010B CEP*Lead

Conventional Chemistry Parameters

°F 150.0 5/1/14  12:42>200 5/1/14  12:39 SW 1010 (M) CCD*Ignitability (Flash Point)

P/F 1 5/1/14  12:42Pass 5/1/14  12:39 SW 9095A CCD*Paint Filter

Date AnalyzedQual DFUnits

RF26-02 Lab ID:Client Sample ID:

Collection Date: Matrix:4/30/14  11:28 Solid

LimitResultAnalyses Date Prepared Method Analyst

14D0614-02

Volatile Organic Compounds by GC-MS

µg/Kg wet 50000250000 5/2/14  11:2213600000 5/2/14  10:26 SW 8260B Rev2 1996BDP*Styrene E

TCLP Metals by ICP-MS

mg/L 1000.0200 5/2/14   0:14U 5/1/14  12:17 SW 6020A JTC*Mercury

mg/L 1000.500 5/2/14   0:14U 5/1/14  12:17 SW 6020A JTC*Selenium

mg/L 1000.500 5/2/14   0:14U 5/1/14  12:17 SW 6020A JTC*Silver

TCLP Metals by ICP

mg/L 10.0100 5/1/14  23:41U 5/1/14  12:17 SW 6010B CEP*Arsenic

mg/L 11.00 5/1/14  23:41U 5/1/14  12:17 SW 6010B CEP*Barium

mg/L 10.00500 5/1/14  23:41U 5/1/14  12:17 SW 6010B CEP*Cadmium

mg/L 10.00500 5/1/14  23:41U 5/1/14  12:17 SW 6010B CEP*Chromium

mg/L 10.00500 5/1/14  23:41U 5/1/14  12:17 SW 6010B CEP*Lead

Conventional Chemistry Parameters

°F 150.0 5/1/14  12:42>200 5/1/14  12:39 SW 1010 (M) CCD*Ignitability (Flash Point)

P/F 1 5/1/14  12:42Pass 5/1/14  12:39 SW 9095A CCD*Paint Filter

Page 3 of 6
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Prairie Analytical Systems, Inc. 5/2/2014

Client:

Project: Lab Order:

Flint Hills Resources

Date:

Styrene Analysis

LABORATORY RESULTS

14D0614

Date AnalyzedQual DFUnits

PS26-01 Lab ID:Client Sample ID:

Collection Date: Matrix:4/30/14  12:00 Solid

LimitResultAnalyses Date Prepared Method Analyst

14D0614-03

Volatile Organic Compounds by GC-MS

µg/Kg wet 50250 5/1/14  17:593360 5/1/14  10:54 SW 8260B Rev2 1996BDP*Styrene

TCLP Metals by ICP-MS

mg/L 1000.0200 5/2/14   0:22U 5/1/14  12:17 SW 6020A JTC*Mercury

mg/L 1000.500 5/2/14   0:22U 5/1/14  12:17 SW 6020A JTC*Selenium

mg/L 1000.500 5/2/14   0:22U 5/1/14  12:17 SW 6020A JTC*Silver

TCLP Metals by ICP

mg/L 10.0100 5/1/14  23:46U 5/1/14  12:17 SW 6010B CEP*Arsenic

mg/L 11.00 5/1/14  23:46U 5/1/14  12:17 SW 6010B CEP*Barium

mg/L 10.00500 5/1/14  23:460.253 5/1/14  12:17 SW 6010B CEP*Cadmium

mg/L 10.00500 5/1/14  23:46U 5/1/14  12:17 SW 6010B CEP*Chromium

mg/L 10.00500 5/1/14  23:460.286 5/1/14  12:17 SW 6010B CEP*Lead

Conventional Chemistry Parameters

°F 150.0 5/1/14  12:42>200 5/1/14  12:39 SW 1010 (M) CCD*Ignitability (Flash Point)

P/F 1 5/1/14  12:42Pass 5/1/14  12:39 SW 9095A CCD*Paint Filter

Date AnalyzedQual DFUnits

PS26-02 Lab ID:Client Sample ID:

Collection Date: Matrix:4/30/14  12:12 Solid

LimitResultAnalyses Date Prepared Method Analyst

14D0614-04

Volatile Organic Compounds by GC-MS

µg/Kg wet 1000050000 5/1/14  14:32694000 5/1/14  10:54 SW 8260B Rev2 1996BDP*Styrene

TCLP Metals by ICP-MS

mg/L 1000.0200 5/2/14   0:31U 5/1/14  12:17 SW 6020A JTC*Mercury

mg/L 1000.500 5/2/14   0:31U 5/1/14  12:17 SW 6020A JTC*Selenium

mg/L 1000.500 5/2/14   0:31U 5/1/14  12:17 SW 6020A JTC*Silver

TCLP Metals by ICP

mg/L 10.0100 5/1/14  23:52U 5/1/14  12:17 SW 6010B CEP*Arsenic

mg/L 11.00 5/1/14  23:52U 5/1/14  12:17 SW 6010B CEP*Barium

mg/L 10.00500 5/1/14  23:52U 5/1/14  12:17 SW 6010B CEP*Cadmium

mg/L 10.00500 5/1/14  23:52U 5/1/14  12:17 SW 6010B CEP*Chromium

mg/L 10.00500 5/1/14  23:52U 5/1/14  12:17 SW 6010B CEP*Lead

Conventional Chemistry Parameters

°F 150.0 5/1/14  12:42>200 5/1/14  12:39 SW 1010 (M) CCD*Ignitability (Flash Point)

P/F 1 5/1/14  12:42Pass 5/1/14  12:39 SW 9095A CCD*Paint Filter

Page 4 of 6
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Prairie Analytical Systems, Inc. 5/2/2014

Client:

Project: Lab Order:

Flint Hills Resources

Date:

Styrene Analysis

LABORATORY RESULTS

14D0614

Notes and Definitions 

P1 Pass

E Result above quantitation range.

* NELAC certified compound.

U Analyte not detected (i.e. less than RL or MDL).

Page 5 of 6
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Analytical Report  
Lab Order: 14E0066 
 
Summary  
 
Analytical report came from samples collected from 3 piles of waste that was generated during the 
release of material from reactor 17.  Two piles were staged at the Facility’s soil staging area and one pile 
remained in the Building 4’s Emergency Containment Pit.   
 
Analytical Ran on All 3 Samples: VOC TCLP, Semi VOC TCLP, RCRA 8 Metals TCLP, Reactive Cyanide, 
Ignitability, Paint filter, pH, and Reactive Sulfide.  
 
Sample ID SCS1 – refers to the southeast pile.  A total of 7 samples were collected randomly from the 
pile and composited into a 1 liter sample container.  
 
Sample ID SCS2– refers to the northwest pile.  A total of 7 samples were collected randomly and 
composited into a 1 liter sample container 
 
Sample ID SCS3 – refers to the in Building 4’s Emergency Containment Pit.  The number of random 
samples was not documented.  Smaller samples were collected and later composited into a 1 liter 
sample container  
 
*No Case Narrative with Analytical Report 
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�� Ù�uU&v*% ��c�K ������&&��L��X ������&&&VL�� G2&V��� 66[\)*0.%#Z*&640$#M* w! ���c� ��B���&&��L�Kx��� ��B���&&��L�� G2&����&y:z 66[\{U$#%0]#"#%4&y!"0(̂&9+#$%z 9�! � ��B���&&��L�K90(( ��B���&&��L�� G2&V�V�3 66[\90#$%&!#"%*- p'&X$#%( ��c��� ��B���&&��L��l�f ��B���&&&VL�� G2&V���6 q8GgHh Ù�uU&v*% �Vc�V ��B���&&��LKVX ��B���&&&WL�� G2&V�K� 66[\)*0.%#Z*&G,"_#M* |}~��������
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FHRPRU004047



������������	
������	
�������� �������������
�������
� ������ ���!"#$%&'#""(&)*(+,-.*( /�
��'01&20(%*&3$0"4(#(&5&)6)3&7689&:*%0"(��;�<�=�<>�<?�@�=� ��A��BB/�
������	C� DE��� /F@��
G6GH �����/������
����I����/�������
����/�
�� J�
��K�������&&�HL�� G+"#M����
<�E�
����	� /�
�����I��� J�
N� ����	
��A��BBO�H=����P���
������Q��������I�E� ��	�R�SJ� TU�8 ����� ��B���&&��L�VW ��B���&&��L�H G2&V�B�X&)*Y�&�ZZBX[9\X*$1*$* TU�8 ����� ��B���&&��L�VW ��B���&&��L�H G2&V�B�X&)*Y�&�ZZBX[9\�OX,%0$+$* TU�8 ����� ��B���&&��L�VW ��B���&&��L�H G2&V�B�X&)*Y�&�ZZBX[9\60-]+$&%*%-0.̂"+-#M* TU�8 ����� ��B���&&��L�VW ��B���&&��L�H G2&V�B�X&)*Y�&�ZZBX[9\6̂"+-+]*$1*$* TU�8 ����� ��B���&&��L�VW ��B���&&��L�H G2&V�B�X&)*Y�&�ZZBX[9\6̂"+-+_+-̀ TU�8 ����� ��B���&&��L�VW ��B���&&��L�H G2&V�B�X&)*Y�&�ZZBX[9\�a�O[#.̂"+-+]*$1*$* TU�8 ����� ��B���&&��L�VW ��B���&&��L�H G2&V�B�X&)*Y�&�ZZBX[9\�a�O[#.̂"+-+*%̂0$* TU�8 ����� ��B���&&��L�VW ��B���&&��L�H G2&V�B�X&)*Y�&�ZZBX[9\�a�O[#.̂"+-+*%̂*$* TU�8 ����� ��B���&&��L�VW ��B���&&��L�H G2&V�B�X&)*Y�&�ZZBX[9\7*%-0.̂"+-+*%̂*$* TU�8 ����� ��B���&&��L�VW ��B���&&��L�H G2&V�B�X&)*Y�&�ZZBX[9\7-#.̂"+-+*%̂*$* TU�8 ����� ��B���&&��L�VW ��B���&&��L�H G2&V�B�X&)*Y�&�ZZBX[9\b#$4"&.̂"+-#M*=��������SP���
������Q��������I�E� ��	�R�SJ� TU�8 ���c� ��B���&&��LH�W ��B���&&��L�� G2&V���6 X[9\�a�O[#.̂"+-+]*$1*$* TU�8 ���c� ��B���&&��LH�W ��B���&&��L�� G2&V���6 X[9\�a�O[#$#%-+%+",*$* TU�8 ���c� ��B���&&��LH�W ��B���&&��L�� G2&V���6 X[9\'*d0.̂"+-+]*$1*$* TU�8 ���c� ��B���&&��LH�W ��B���&&��L�� G2&V���6 X[9\'*d0.̂"+-+],%0M#*$* TU�8 ���c� ��B���&&��LH�ef�g ��B���&&��L�� G2&V���6 X[9hi�K��N�����
N��� TU�8 ���c� ��B���&&��LH�jkj ��B���&&��L�� G2&V���6 X[9hjSJ�
N	�IN���� TU�8 ���c� ��B���&&��LH�lmg ��B���&&��L�� G2&V���6 X[9e�n�fSJ�
N	�IN���� TU�8 ���c� ��B���&&��LH�W ��B���&&��L�� G2&V���6 X[9\o#%-+]*$1*$* TU�8 ���c� ��B���&&��LH�W ��B���&&��L�� G2&V���6 X[9\9*$%0.̂"+-+p̂*$+" TU�8 ���c� ��B���&&��LH�W ��B���&&��L�� G2&V���6 X[994-#M#$* TU�8 ���c� ��B���&&��LH�W ��B���&&��L�� G2&V���6 X[9\�a�a�O7-#.̂"+-+p̂*$+" TU�8 ���c� ��B���&&��LH�W ��B���&&��L�� G2&V���6 X[9\�a�aBO7-#.̂"+-+p̂*$+"=����J�
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�������N���
�	�������
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Safety Goal 
Impacted

Customer Goal 
Impacted

Steam leaking by 
valve.

Environmental 
Goal

Impacted

Property
Goal

Impacted

Production 
Goal

Impacted

Labor
Goal

Impacted

R17 released to 
pit.

Valve not opening 
to cool.No cooling.SIS activated R17 temperature 

reached 210F.

Valve stuck

Evidence:Tested by 
Roger and working.

Not create an 
Environmental B 

event.

Manually 
advanced DCS to 
next step (heat to 

automatic 
monomer 

addition not 

Monomer 
addition manually 

completed.

Both Vent to flare 
and atmosphere 

valves open. 

Monomer 
addition manually 

placed in hold.

Did not want to 
release to 

atmosphere.

Operator unaware 
how monomer 

charge was 
stopped.

Evidence:  Field 
verified.

Confusion over method 
to restart auto 

monomer addition

Monomer pump 
manually 
restarted.

Possible Solutions:  
Replace atmosphere 
valve and check for 
air leak.

M1 valve limit 
switch not 

satisfied for SIS.

Evidence:  Valve didn't 
complete movement 
during cycling test.

Possible Solutions:  
Provide knowledge of 
SIS operation to 
necessary people.

Evidence: Leakage typical 
to control valve but not an 
issue.

Span incorrect.

Evidence:Tested by 
Roger and working.

actuator not 
operating.

Evidence:Tested by 
Roger and working.

DCS logic limited
output to 50% or 

greater.

Possible Solutions:  
Modify DCS to 
override cooling valve 
limits.

Monomer pump is 
running

Possible Solutions:  
DMF to understand 
batch reaction logic.

AND

AND

AND

AND

OR

OR

AND

OR

OR

slow and  difficult 
to understand 

radio 

Possible Solutions:  
DMF for improved 
communications.

Evidence:  Operations 
attempted to manually 
cool batch down while 
waiting to finish charge.  
Batch did not cool down 
as expected.
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